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FOREWOKD 



The course of study guide. Science in the Junior High School, was 
developed under the direction of R. C. Roberts, Supervisor of Science, 
Division of Instruction, Mississippi State Department of Education, with 
the cooperation of a staK of junior high teachers, senior high teachers, 
school administrators, college and universily personnel, and a consultant 
from the U. S. Office of Education- A special study of the junior high 
school science curriculum was initiated in the summer of 1962 and was 
continued in successive summers up to the time of its completion in 
1966. Special recognition is due those members of the Curriculum De- 
velopment Committee for thefr dedication to this task during the four 
years in which they were engaged in the project. Grateful appreciation 
is expressed to all committee members for their contributions. 

'.Special attention is called to two major sections of the bulletin, “The 
Courses of Study, Part III” and the “Handbook Section— Comprehensive 
Experiments, Extended Activities, and Demonstrations.” The courses of 
study may be used in their entirety as teaching guides, or the teacher 
may adapt any part of the courses of study to the school's program. The 
Handbook Section contains many suggested experiments and demon- 
strations designed to enrich the science program in grades 7, 8, and 9. 
Further suggestions for the use of the bulletin are found in the Introduc- 
tion. 

The bulletin is provided to the schools of the State to help the teach- 
ers to lead boys and girls to become actively engaged in the science process 
and to acquire the needed understandings, skills, attitudes, and apprecia- 
tions in science. 
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PART I INTRODUCTION 



In this age of rapidly expanding horizons, and technological advances, 
science educators have a vital responsibility toward the youth of our 
nation. The numerous thresholds of discovery extend many-faceted chal- 
lenges to the teacher, who must prepare today’s children for everyday 
living in a world which is striving to conquer inner, as well as outer, space. 

The concept of junior high school, based as it is upon the physical, 
biological, and emotional development of adolescents, requires sjjecial 
knowledge, skills, and dedication of its teachers. It offers rare opportuni- 
ties, especially to the teacher of science, for meeting the individual needs 
of youth. 



ORGANIZATION OF THE CURRICULUM 

The curriculum committee kept in mind several aims as the writing 
of this study guide proceeded : to develop a three-year sequential program 
of study; to avoid needless repetition ; to provide material, which is ample, 
flexible, and comprehensive. 

THREE-YEAR PLAN 

This three-year plan is designed to be a transition from the generaliz- 
ed science program of the elementary school to the relatively specialized 
program of the senior high school. 

The underlying structure of the three-year plan is to introduce the 
student to the broad area of secondary science study with a definitive 
approach to its major disciplines at the seventh grade level. Therefore, 
each of the seventh grade units is “An Introduction to . . . ’’ earth science, 
ptorsics, chemistry, and biology, respectively. This is the^ only one of the 
three courses which could be called “general science” in any form. It 
should give the student an overview of science study while helping him to 
acquire some feeling of what specialized study in one of the fields would 
be like. Since its various units are six to nine weeks in length, there is 
time for students to discover their affinity for particular areas of study. 
Yet, the interest span for most seventh grade groups is not over-reached. 

The eighth grade course is two separate semesters of work. The first 
is given to earth and space science, the second to life science. Specializa- 
tion to some depth can be done within a semester. If the students have 
had the seventh grade course of study, they should have some basic under- 
standing and knowledge in the other fields so that application ^n be 
made in the eighth grade studies. For example, the basic understandings in 
chemistry and physics are needed for rocketry in space studies, for topics 
in geology in general, mineralogy in particular, and for anatomical and 
physiological studies of the human body. 

The ninth grade course of study develops into a year of study of the 
physical sciences. The principles of chemistry and physics, which were 
intooduced in the seventh grade, are extended to a degree which should 
provide a good base for modem Isigh school courses in chemistry, physics, 
and biology. 

One major aim was to include enough activities with each concept 
to allow the teacher a choice. It is neither expected nor suggested that 
all activities be used in teaching any single topic. Many creative teachers 
may choose to add or to substitute original ideas which they have found 
effective in helping students understand certain ideas, facts, and prin- 
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ciples or laws in science. The organization of the guide is built on its con*- 
cepts at grade levels. Any activities, methods, and techniques which a 
teacher can apply to help the student achieve these understandings ^e 
acceptable. It is hoped there will be an increase in the use of quantitative 
measurements and mathematical processes. It is also hoped that wider ap- 
plication of the principles of problem solving, involving discovery and 
critical thinking, will be made. 

Every effort was made by the curriculum study committee to avoid 
repetition of concepts and activities. However, the organization of t h e 
courses of study is such that the seventh grade units may be used for back- 
ground review where necessary. 

Realizing the impossibility of formulating any courae of study which 
would be applicable in its entirety to every local situation, the committee 
first established one broad goal. This was to produce a study guide 
which would be developmental in sequence and nature and flexible in 
use for the teacher while offering the student a comprehensive study 
in modern science. 

The courses may be taught in whole or in part as presented in this 
publication, or they may be adapted to the objectives of science study 
in the local school system. Regardless of the way in which this guide 
is used, in whole or in part, it is hoped that the publication will prove 
helpful to teachers of junior high school science. 

PROPOSED PROGRAM OF STUDIES 

The proposed program of studies will provide for the general edu- 
cation of all students, as it contains a common learnings program for all 
students through the 10th grade, including one biological science and one 
physical science above the 8th grade. 

At the same time, it will meet the needs of science-oriented students 
and allow for their acceleration at any of the junior high years. 

Common Learnings Program 
7th grade — General Science 
8th grade — ^Earth, Space, and Life Sciences 
9th grade — ^Introduction to Physical Science 
10th grade — ^Biology 

For More Thormgh Science Preparation 
11th grade— Chemistry 
12th grade— Physics 

Alternate Accelerated Program 
9th grade — ^Biology 
10th grade — Chemistry 
11th fi^ade — ^Physics 

12th grade — ^Advanced Science Course (Advanced Biology, Special 

Problems Course in Physical 
Science, or other courses.) 




An accelerated program may or may not be desirable when all factors 
are considered. They are successful in some situations and not in others. 
If there is a sufficient number of high ability students, well qualified 
staff, and other favorable conditions for establishing an accelerated pro- 
gram, it is suggested that the following criteria may be used for the selec- 
tion of students for the accelerated program. 

1 — ^Academic achievement 

2 — ^Test scores 

3 — Counseling with the students 

4 — Consent of the parents 

SOME IMPORTANT SAFETY RULES IN THE LABORATORY 

Safety in the laboratory is essential to prevent serious accidents. First 
aid supplies should be readily available. A fire extinguisher should be 
placed in every science departaaent. 

Notes to Students: 

Most accidents can be prevented if you make safety a habit. 

1. Read and follow all posted directions. 

2. Never mix, touch, taste, heat or inhale chemicals unless you are told 
it is all right to do so by your instructor. 

3. Always wear protective devices such as goggles, gloves, and an apron 
when these safety devices are needed. 

4. Handle all hot objects with clamps or tongs. 

6. Take extra precautions in handling dangerous chemicals. 

6. Do not perform any experiments unless your instructor is in the room. 

7. Turn off the gas when it is not in use. 

8. Read the labels on all bottles carefully before using. 

9. Never point a test tube you are heating toward anyone. 

10. Pay strict attention to your own work. Don’t let your interest or atten^ 
tion wander. 

FIRST AID FOR ACID AND ALKALI BURNS 

1. Flood the tissue with water. 

2. Notify your instructor. 

3. FOR AjCID BURN : Neutralize with a weak alkali (base) such as a 
sodium bicarbonate solution. 

4. FOR ALKAiLI BURN : Neutralize with a weak acid such as a boric 
acid solution. 

6. When mixing acid and water — always add the add to the water, using 
the greatest caution. 
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6. When inserting a glass tube into a cork, always lubricate the tube 
and cork with water. 

7. The science laboratory is a place for intelligent adult behavior. 



OBJECTIVES AND PRINCIPLES FOR TEACHING SCIENCE 

Every science teacher should periodically establish the answers to 
three questions in his or her own mind: (1) “Why am I teaching my stu- 
dents science?”; (2) “What am I teaching my students in science?”; and, 
(3) “How am I teaching science to my students?” The answer to the 
first question vdll help the teacher to evaluate his objectives. The answers 
to the other two will help the teacher to evaluate his total course content 
and teaching methods. 

The whys of science teaching are included in those general objectives 
of education which seek: (1) to enable the student to find his place in 
today’s world ; (2) to fill that place in a manner which will be satisfactory 
to himself and to others concerned. In order to reach these objectives, 
the study of science must hdp the stvdent discover and devdop his poten- 
tial interests and aptitudes. It must also help him build a foundation for 
higher academic studies and career opportunities. Each of the generalized 
objectives and their specialized components is important in science teach- 
ing. The degree to which the general objectives of science education for 
students are attained will be determined by the “whats” and “hows” of 
science teaching. 

Probably, the widest response to the question of what we are teach- 
ing students in science would be “subject matter” in its broadest sense, 
with its advantage of easily observable achievement. The history of edu- 
cation and current evidence support the continued vital need for academ- 
ics. However, there are other needs, more subtle in nature perhaps, 
which also must be met. Because of the unique characteristics of the 
junior high school age group, the junior high school science teacher has 
a responsibility and an opportunity unlike that found in any other level 
of teaching. 

The objectives for junior high school science are not only functional 
in nature, a criterion which should be applied to all teaching, but they 
are social in their implications as well as scientific. In addition, the 
achievement of these objectives requires a related involvement of learn- 
ing skills from other areas of study, such as the language arts, mathe- 
matics, and social studies. Because of its intermediate and transitory 
position in the progression of grade levels, junior high school science has 
certain objectives, as listed below: 

SKILLS: 

1. Observing accurately and discriminately, developing the ability to dis- 
tinguish components and relationships 

2. Gathering sufficient data and dealing with it quantitatively 

3. Recording and treating data completely and honestly 

4. Performing fundamental operations and simple manipulatory activi- 
ties with reasonable accuracy 

6. Measuring accurately; reading with comprehension 
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6. Identifying and defining “hidden” problems as lyell as thie pbvious 

ones . < > 

7. Stating and testing hypotheses discriminately 

8. Making generalizations and drawing conclusions 

9. Communicating effectively through oral and written techniques 

10. Functioning effectively as an individual and as a member of a group 

11. Thinking 

(a) critically 

(b) creatively 

(c) inductively 

(d) deductively 

UNDERSTANDINGS: ; ■ ^ 

1. The determinate nature of living things ' ! 

2. The interdependency of living tnings 

3. The orderliness and organization of physical nature in both physical 

and biological sciences ^ 

4. Cause and effect relationships, simple and multiple 

6. Prediction of occurrences as the result of particular causes 

6i Conversion and diversion as means of control and preservation 

7. The actual and relative value of knowled^ (facts) 

8. Conservation of human, physical and natural resources • 

ATTITUDES: 

1. Personal responsibility 

2. Intellectual honesty 

3. bpemnindedhess ..... 

4. Receptiveness to challenge 

6. Reasonableness ; rationality 

6. Suspended jud£^ents 

7. Independence in academic pursuits 

8. Respect for rights and property of others 

9. Wholesome curiosity 

10. Cooperativeness 

11. Objectiveness 

APPRECIATIONS: 

1. The role of science in the development and maintenance of civilization 
and cultures 

2. The achievements and contributions of scientists ' 
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3. The breadth and limitations of science ’ 

4. The value of pure science and technology 

6. Aesthetic and moral values of our natural environment 
6. The existence and processes of nature 

BEHAiVIORS: 

1. Applies science learnings to solving social and academic problems 

2. Develops potential aptitudes and interests 

3. Extends endeavors in science beyond the classroom and continues be- 
yond required study 

4. Accepts science for its constructive addition to living as well as its 
potential in the future 

PROCEDURES AND TECHNIQUES OF INSTRUCTION 

METHODS— The science tocher must be able to adjust the ^»tent 
and methods used to the many t^^es of orgamzations and curricula that, 
he will encounter in various teaching situations. Methods must he flej^ 
ible and interchangeable in order to meet the needs of the jumor mgn 
school student. 

Knowledge of psychology and methods of science teaching have ad- 
vanced just as has the knowledge of science. More is known about monva- 
tion, learning, and transfer of learning. The teacher of junior mgh school 
science must make an honest effort to keep informed, not only in thearea 
of subject matter, but also in the realm of current educataonal practioM. 
There must be a constant search for methods which will improve the 
teaching of science. ; 

Communicationv motivation, and participation are some desired oi^ 
comes to be observed in students as a result of the teacher’s ability to 
organize the study, to adapt to the learner’s ability, to narrate intere^ng- 
ly, to recognize the worth of each individual student, and to accept the 
obligation to see that desirable learning occurs. 

Methods and procedures are important in that they make possible the ; 
operation of effective principles of science teaching. Just as subject 
ter differs, so should methods of presenting it differ.. Variety avoids 
monotony, and to be effective, variety must be planned. 

The following methods are suggested, but one must keep in mind tlmt 
the success of any method or composite of methods depends upon the 
teacher’s being individual, dynamic and creative in the use of the methods. 

Inductive teaching should be the underlying current and basic pat- 
tern of all science teaching, so that scientific principles, concepts, and 
generalizations will be the end point of teaching rather than the starting 
point. The scientific method of ‘problem-solving remains the basic proce- 
dure through which discovery is made and is. very important for inductive 
teaching. Therefore, the teacher will need to employ the steps of scientific 
thought and fluid inquiry throughout all his teaching. 

The unit method of teaching science lends itself so well to the sub- 
jects of science there is the danger of placing all subject matter in separate 
units and as a result continuity is lost. For example, this method would be 




most useful in the seventh grade general science, rather than in the ninth 
grade physical science. This method demands teacher prep^ation and 
planning. Unite are generally planned in three stages: (1) introducing 
the unit, (2) developing the unit, and (8) terminating the unit. Evalua- 
tion follows as it does in any teaching method. 

The unit method provides for some student participation in planning. 
Students at the junior high school level in particular, like to share m 
planning, such as devising or suggesting means to answer pertinent qu^ 
tions. Ihe “Let’s try it out” request by a student is the teacher’s key to 
open the student’s mind to further inductive-deductive learning. This stu- 
dent participation also includes the use of the text book. Work in the text 
should be presented as opening new doors to more exciting knowledge 
rather than as “seat work.” 

The lecture method, has little value in a junior high school science 
class since emphasis should 1^ on student participation rather than on 
a teacher centered activity. However, modifications of lecturing prove 
effective when the teacher can project subject matter in an interesting 
and possibly narrative form. 

Discussion, reporting and note taking are considered as integral 
parte of any method. These devices should be used and directed to bmy 
about desired learning and not as a “time killer” or a task to be endure. 

Creative teaching may not be considered a method, but creative teach- 
ing discovers or awakens interest in order that each student may develop 
his unique talents. This method requires more of the one-to-one and one- 
to-small group relationships. Creative teaching does not need to be un^ 
orthodox as the name might imply, but the teacher must have keen insight 
into the nature and abilities of the student and then devise ways of de- 
veloping these abilities. 

The activities as listed on later pages should be interwoven into the 
various methods used, just as audio visual aids, charts and models sup- 
plement and strengthen the method used. 

In all activity where student participation is involved, intellecteal 
honesty should be stressed and taught as a basic principle of education. 

LEARNING ACTIVITIES— Most science topics lend themselves to 
a variety of types of student activities. The problem becomes one of se- 
lection of the particular type of activity which will be most effective 
and practical with available resources. The selection of an appropriate 
type of activity is important, but the skill in conducting the activity is 
of greater importance. The success of the class exercise 'will depend greatly 
on the class preparation done in advance, and the techniques employed 
during the class period. 

Science cannot be properly taught at the junior high school level 
unless the students are given ample opportunity for individual investiga- 
tion and experimentation. Experimentation, investigation, and student 
and teacher demons^tions have in common the use of the laboratory, 
equipment, chalk-board and some activity on the part of everyone in the 
class. However, these actmties differ in their presentations. 

One or more class periods per week (or the equivalent) should be 
devoted to experimental work. Demonstrations are useful in some cases, 
but students need the experience of going through the sequence of mental 
and physical processes involved in an experiment. 
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A number of experiments should be done employing the "discovery 
principle,” which results in the formulation of laws or principles rather 
than verification. 

An ^periment may be done with the express purpose of arousing 
interest in the validity of the results, the variables acting on the out- 
come, and ways to put the experiment to the test. From these activities 
students learn new skills, entertain an appreciation for pioneers in sci- 
ence, apply and prove the scientific method, apply original ideas to 
basic assumptions and develop original work which may require long pe- 
riods of time for completion. 

There are times when nothing but a teacher demonstration will do 
to begin a lesson, to end a lesson, to develop a point or to demonstrate 
processes too dangerous or complex for students to handle. But for what- 
ever purpose its major function is to present evidence for a concept by 
doing, seeing, and testing. Students present ve^ good demonstrations 
and are good '^teachers” because at the junior high school age, students 
enjoy performing and observing their peers perform. 

Time for creative activities with the use of laboratory equipment 
should be provided so that students can discover with actual contart and 
manipulation some of the principles we accept as common. In this manner, 
the alert student is often led into investigations uncommon to the area 
of study. 

The use of jQlms and filmstrips in the role of activity in the class- 
room needs clarification. Although films are entertaining and help to hold 
interest, their purpose is not entertainment. Neither should films 1^ 
shown in the same manner (for instance, to introduce a topic) each time. 
There is a great variety of free film material, and variety in accord with 
function should determine when the film is needed. Filn» and filmstrips 
may introduce a topic, present a problem to be solved, be a vicarious 
field trip, an accessory microscope or micro-projector, act as an acces- 
sory to an experiment, as a test, and in some cases a fidl-period lesson. 

Topical charts, student posters, picture slides, opaque projections, 
and overhead projections lend variety and purpose to the lesson. Student 
participation is stressed to a greater extent if students are given the 
opportunity to help organize, are allowed to contribute to the subject 
matter, and are taught to operate the machines where it is practical to 
do so. 

The use of recordings has been overlooked as an activity. They serve 
a unique purpose in reproducing sound, otherwise not available, such as 
bird calls, animal 'language” and animal sounds. Records based on the 
science of sound are invaluable aids.^ Current television profirams like 
the recent space shots are opportunities to put into practical application 
the recognition of many science principles previously learned. 

The bulletin board and exhibit case should be the responsibility of the 
student, with the teacher as consultant. Bulletin boaids are not only 
for notices, but also for current events, problems of the week, and spe- 
cial events and dates relating to science. The exhibit case should be used 
for exhibit of materials related to the topic at hand: projects; books and 
printed material; laboratory set-up for the day; student collections; 
hobbies; local industrial exhibits. 

The teacher and student, no matter what the lesson is, can make 
good use of the chalk-board as an aid in demonstration, in illustration. 



— 13 — 



ERIC 



as an aid to discussion and reporting, as an aid in projections, as a remind- 
> er, or to emphasize and reinforce. 

The use of transparencies in overhead projectors can be used very 
effectively. There are many ready-made transparencies and through the 
use of transparency makers, teachers may make their own. In using over- 
head projectors, the teacher can face the audience in a partly lighted 
room. 

The activity pursued should lead students to examine carefully all 
evidence ^d to formulate hypotheses or conclusioiw in terms of the 
evidence rather than blind acceptance of ‘laws” or “authority.” 

Make special assignments in line vdth ability level so that ever;*' stu- 
dent nmy have a sense of belonging and a sense of achievement. 

' The elements of critical thinking do not follow a rigid pattern, but 
some efforts; to analyze the process have revealed that it encompasses 
theteHowing: 

1. Sensing and defining the problem 

2. Collecting and organizing evidence on the problem 

3. Interpreting the evidence and forming tentative hypotheses re- 
la^ to the problem 

4. Testing the hypotheses 

« ' “ . - " 

5. Fonnulating conclusions 

Regardless of the type of activity employed, scientific attited^ and 
scientific practices should be in evidence. Here are some tips which have 
been found helpful: ^ 

(1) The teacher should join mth the students in exploring and leam- 
- ing. . 

(2) Every student response should be considered for what it is worth. It 
may not be simply right or wrong. 

(3) If class interest seems to be lagging, perhaps the lecture or discu^ 
sion activities are being overdone, and students are not getting the 

■ types of class participation needed. 

(4) Avoid the role of the teacher as absolute authority, knowing aH the 
answers, asking all the questions and deciding the final answer. 

(6) The ticher should not be an information bpreau supplying all the 
answers. Lead students to answer their own questions, when only a 
thought process is required, or when an investigation can be made. 

' (6) in doing a demonstration, don’t tell students what is going to hap- 
pen before it is done, but keepHhem guessing or have them to pre- 
dict what may happen. ; » 

(7) Demonstrations are not a substitute for laboratory experiments, 
but can be considered as group experience since students take notes, 
observe, suggest procedures and draw conclusions. 

(8) The chalk-bbard is the handiest, cheapest, and most dependable vis- 
ual aid in the classroom, and it is possibly the most neglected and 
misused. 

(9) Use films and filmstrips in a lesson, not as a substitute for a lesson. 
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SCIENCE PROJECTS — ^The science project should be included among 
the activities as a regular part of the science course, ^e* science 
projert is an effective means of involving the students in problem-solving 
isitimtions. One minor problem after another arises in connection with the 
major problem. Solving these minor problems and resolving the diffi- 
culties encountered prove to be a most satisfying experience. 

The student gains much basic education or. conditioning^ as well as 
special abilities and knowledge of science from his project. It involves 
the m^ng of decisions, eyeful planning, the assuming of responsibilities, 
acquisition .of community resources, skills of construction, appreciation 
of i^stic display, the use of good English and clear writing, the sense of 
achievement, and the satisfaction of communicating his accomplishments 
toothers. 

Special ability and interest in science may be greatly enhanced 
through the doing of science projects. In proposing and evaluating science 
projects, the ability and inherent interest levels of the individual student 
should be consider^. 

EQUIPMENT AND MATERIALS — With all the NDEA funds or 
ESEA funds made available, it would seem that the junior high school 
science class would have the necessary equipment and materials. How- 
ever, this is not always the case. The lack of equipment and materials will 
impose some limitations on experimental or other types 'of activities, but 
the initiative of a good teacher may serve to offset the handicap of' equip- 
ment deficiency. 

Many times non-commercial equipment, hcime-inlacie or hoihe-brought 
. equipment and materials, may serve the purpose. Substitutions of equip- 
ment for the experiment may often be made. The work of the PSSC in 
junior hig^h school science has shown that simple equipment may be usibd 
in the doing of a variely of experiments. 

The teacher should have ready access to the items on the list of basic 
junior high school experimental equipment, included in the appendix. 

, H the .basic items on this minimum IM are not available, then pric)rities 
of purchases .should be given to them. 

It is believed that most teachers will find >use for the items bn the 
basic list; but it is suggested that each teacher requisition, equipment 
heeded in. terms of the demonstrations and experiments to be done. 

If the room is not already equipped with tables or work are^ (or 
laboratory not available) then efforts should be made to ^cure make- 
shift tables until proper laboratory tables may be provided. 

Refer to Mississippi Bulletin, No. 153, Science Facilities for Mississip- 
' pi Schools, 1962 publication. !! ; - .. 

. The; school system should make all effoi^ to cori^t makeshift lab- 
. oratory table deficiencies in science classrooms. 

^ ^ . » 

FIELD TRIP — ^The field trip provides science experiences that can- 
' not be otherwise gained. Many benefits may come from a well-planned 
and well-conducted field trip. Some of these are listed below. > > 

1. Students become acquainted with their scientific community and 

its surroundings. . - , 

2. They get an insight into vocational opportunities; for (example, 
a trip to a weather station may lead one to become a meteorologist. ; 
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3. Opportunities are provided for collections and preparations for 
museum displays. 

4. Desirable hobbies may develop from interests acquired on field 
trips. 

6. The opportunity is afforded for students to observe many scien- 
tific relationships in their natural settings. 

The success of a field trip depends very much on the preparation 
made in advance and the extent to which students are aware of the ob- 
jectives and the follow-up activities to be pursued. 

Preparation for a field trip involves the following considerations : 

When? 

Where? 

Who? 

Why? 

How? 

What to carry? 

What to expect? 

The follow-up may involve discussions, explanations, library work, 
readings, reports, cl^sifications, and many other activities, depending 
upon the nature of the trip. It is suggested that every school system 
develop and maintain a list of places suitable for making field trips. 



DEVELOPMENT OF SCIENTIFIC ATTITUDES 

The personality factor called “attitude” is such a nebulous quality 
that it cannot be completely or satisfactorily defined in its entirety with- 
out illustrations and examples. Regardless of their indefinable quality, 
attitudes are recognized as being a vital influence in the learning of sci- 
ence. For this reason, they are listed separately from skills, under- 
standings, and behaviors, in the list of objectives for learning junior 
high school science. (See Introduction — Objectives and Principles.) Also, 
they are treated as an introductory unit in the seventh grade level of 
the series of courses of study offered in this guide. 

The goal for fostering the building of effective attitudes for science 
learning is to develop the personalities of science students so that they 
become as intellectually and emotionally mature as possible. They need 
to become persons who not only behave outwardly in desirable ways, but 
do so as the result of inward control based on self-understanding. Klaus- 
meier suggests eight steps that teachers can consider in planning for atti- 
tude building, and which also may be used to facilitate the acquiring of 
correct attitudes by students. The following suggestions from Klausmeier 
have been adapted to science teaching: 

(1) Scientific attitudes must be taught through precept, example, 
and experience with scientific processes and personnel. 

(2) Glarijy in meanings and values of the vocabulary used to de- 
scribe scientific attitudes must be achieved. 
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(3) Models of desirable scientific attitudes, in the person of ouJ> 
standing scientists, exemplary peers, parents, and the teacher, must be 
provided. 

(4) Informative experience about attitude “objects”, such as 
situations that occur in the problem-solving process, should be provided. 

(5) Pleasant emotional experiences should accompany the learning 
of attitudes. 

(6) Appropriate contexts for practice and confirmation should be 
arranged. 



(7) Group techniques in association '»vith investigative and discovery 
methods should be used to facilitate understandings and acceptance. 

(8) Deliberate cultivation of the desired attitude, mth teacher- 
guided learning, should also be encouraged. 



As mentor and model for the fostering of desirable scientific atti- 
tudes, the science teacher has prime responsibility. “Pupils l^m 

attitudes that their teachers don’t have.”* The classroom is not the place 
to teach scientific attitudes and principles, but rather a place ^ practice 
them. For this reason, it behoov^ the science teacher to aoa attitudes 
to his personal inventory evaluation. 

Although every student of science will not become a sdentist in the 
true sense of the word, all are scientists to some degree. The following 
list may prove helpful in describing and profiling a good scientist. 



A good scientist is (1) observant, (2) curious, (3) “tetotually ^ 
est, and (4) studious. He (5) reads intensively, (6) 

(7) imagines, (8) wonders, (9) thinks, (10) makes 
tions data, (12) draws conclusions, (13) keeps records, (14) uses illus- 
trations, and (15) questions the validity of his conclusions. 



EVALUATION OF STUDENT ACHIEVEMENT-^eriodic evalu- 
ation is necessary in any learning procedure. Varwus 
uate should be made by stvdenU as well as by teachers, 
should be done in terms of the four groups of ®j>J®ctiv€s--^tall^ under- 
standings, attitudes, and behaviors. It may be formal 
measured qualitatively or quantitatively. Since some acbieyemen^ m 
terms of the objectives, are more easily measimed than others, 
of techniques in evaluation must be employed. In a^ 
and discriminate judgments must be made m all aspe<^ of 
before an honest dedsion can be made concermng a student s progress. 



Various techniques can be employed hy the teacher and hy 
dents to measure progress. Some of these are tests, check lists, rating 
scales, and descriptive critiques. Where quantitative me^urement is 
required, some value should be derived for the degr^ of attainment of 
goals other than those which are measurable by tests. 

When tests are used, science teachers should strive to create teste 
which are learning devices as well as evaluation tools. They should 
apply diligent thought to the nature of their tests, to the validity and 
reliability of the test questions themselves. Tests which are factual in 



1 Richard E. Haney, "The Development of Scientific Attltndea," The Science Teacher, XXXI 
(Desemher, 1964), pp. 88*86. 



nature often give a decided advantage to students who are capable of 
memorizing and interested in doing so. To reach every student and to 
achieve the objectives of science teaching, tests should contain questions 
and problems which call for knowledge, computations, analysis, synthesis 

of ideas, organiration of facts, and evaluation. 

* ‘ ' . ^ 

Although it is possible for a teacher to be biased or non-objective 
jin' the' oral evaluation ofia student, it must be kept in mind that the 
teacher is an educated person with discreet ability to evaluate fairly 
a stodent who has been observed. Student evaluation has definite value, 
but in the final' analysis the manner in which a student manipulates and 
improvises in laboratory and classroom situations is best ev^uated by 
the teacher. 
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Part n. TOPICAL OUTLINE TO COURSE CONTENT 

7th Grade — GENERAL SCIENCE 

I. Introduction to General Science 

A. What Is Science? 

B. The Nature of Science 

1. Pure science (basic) 

2. Applied science (technology) 

3. Science disciplines 

a. Physics 

b. Chemistry 

c. Biology 

d. Earth and space science 

e. Mathematics 

4. Work of scientists 

a. Gathering evidence 

b. Measuring evidence 

c. Recording evidence 

d. Evaluating evidence 

C. How Science Is Related to Other Subject Matter Courses 

1. Mathematics — measuring and evaluatmn skills 

2. Social studies — social skills 

3. Language arts — communication skills (oral and written) 

D. A^ttitudes Toward Learning ^ 

1. Everyday living as personal involvement in science 

2. Reasons for studsdng science 

3. Value of planned study 

4. Value of science study beyond the classroom 

E. Developing a Good Attitude Toward Science 

1. Intellectual honesty 

2. Awakening curiosity 

3. Orderly study in scope and depth 

F. Skills Which Help the Learning Process 

1. Organizing gathered evidence of science study (notebooks) 

2. Improving reading skills for science study 

3. Developing a working science vocabulary 

4. Organizing ideas in science study — outUning skills 

5. Developing the ability to take notes for various purposes 

6. Developing effective study methods for classroom perform- 
ance 

7. Developing the ability to write scientific papers 

8. Developing the ability to measure completely and accurately 

9. Developing skills in critical thinking for problem solving 
(Note: The above skills are inr^vduced and taught throughout 
the course where most timely for einphasis of study. Subse- 
quent, continued application ib require.) 

II, Introduction to Earth Science 

A. The Earth 

1. Parts of Earth 
a. Atmosphere 

i (1) State of matter 

(2) Layers 
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b. Hydrosphere 

(1) State of matter 

(2) Features 

c. Lithosphere 

(1) State of matter 

(2) Features 

d. Interrelationship of parts 

2. Layers of Solid Earth 

a. Crust 

(1) Divisions 

(a) Continents 

(b) Ocean floors 

(2) Layers 

(a) Arrangement 

(b) Composition 

(c) Functions 

b. Mantle 

c. Outer Core 

d. Inner Core 

3. Rock Cycle 

a. Classes of rock 

b. Processes by which rocks are made 

c. Distinguishing characteristics of classes 

d. E^nds of rocks as examples of classes 

4. Minerals and ores 

B. Atmosphere 

1. Layers 

2. Water Cycle 

a. Evaporation 

b. Condensation 

c. Precipitation 

3. Obtaining weather data 

4. Conserving water supply 

III. Introduction to Physics 

A. Matter 

1. What is matter? 

2. States of matter 

a. Behavior of molecules 

b. Density as basis 

3. Properties of matter 

a. Physical properties 

(1) Definition 

(2) Measurement 

b. Chemical properties 

4. Changes in< states of matter 

B. Energy and force 

1. Definitions 

2. Relationships 

3. Kinas of energy 

a. Definitions 

b. Examples 

c. Conversion (basic principle) 

4. Sources of energy 

a. Distinguishing characteristics between groups of sources 

b. Specific sources as examples of groups 
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6. Forms of energy 

a. Mechanical 

b. Light 

c. Heat 

d. Chemical 

e. Electrical 

f. Solar 

g. Sound 

h. Magnetic 

i. Atomic and nuclear 

(the extent of development of the unit should depend upon 
the school’s course of study for the sixth grade science 
and also the ninth grade science.) 

C. Simple machines 

1. Mechanical amplifier 

2. Mechanical advantage 

3. Balance 

a. Principle and definition 

b. Problems 

4. Kinds of machines 
6. Levers 

6. Inclined planes 

a. Principle and definition 

b. Classes of inclined planes (Principles only) 

(1) Simple inclined plane 

(2) Double inclined plane (wedge) 

(3) Spiralled inclined plane (screw) 

7. Efficiency (further option) 

a. Definition 

b. Problems 

8. Power (further option) 

a. Definition 

b. Problems 

D. Atoms and Molecules 

1. Atoms 

2. Diagram of simplest atom 

3. Molecules 

E. Basic Magnetism and Electricity 

1. Magnetism 

a. Domains 

b. Poles 

c. Lines of force 

d. Magnetic fields 

e. Sources of magnetism 

f. Destruction of magnets 

2. Electricity 

a. Definition 

b. Sources of electricity 

c. Definition of electrical circuit 

(1) Behavior of electrons 

(2) Parts of circuit 

(a) Source 

(b) Conductor 

(c) Device using electricity 

d. Open and closed circuits 
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e. Series and parallel circuits 
U) Physical differen-^6s 
(2) Examples 

f. Conduction of electricity 

(1) Conductors — ^materials and substai-ces 

(2) Resistors — ^materials and substances 

(3) Insulators — materials and substances 

g. Evidence of electricity in humaii body 

h. Safety measures in using electricity 

F. Study of light (basic principles) 

1. Solar spectrum 

2. Refraction 

3. Reflection 

G. Sound (basic principles) 

1. \s a form of energy 

2. vVave form principle 

3. Characteristics 

Introduction to Chemistry 

A. Review of Atomic and Molecular Structure 

B. Table of Elements 

C. Mixtures, Compounds and Chemical Changes 

D. Significance of Chemistry in Other Areas of Science 

Introduction to Biology 

A. Basis of Life— The Cell (structure) 

1. Typical cell 

a. nucleus 

b. cytoplasm 

c. cell wall, membrane 

d. chromatin bodies 

e. vacuoles 

2. Plant cells 

a. structure 

b. arrangement 

c. examples 

3. Animal cells 

a. structure 

b. arrangement 

c. examples 

d. comparison to plant cells 

B. Cellular processes 

1. osmosis 

2. photosynthesis ^ , 

3. respiration and transpiration 

C. Growth and Development of Cells 

1. Means of growth 

a. budding 

b. division (basic principle only) 

2. Regeneration . ^ 

3. Ascending arrangement in organism (determining iunc< 

tion) 

a. tissues 

b. organs 



c. systems 

d. organism 

4. Sequence and rates of growth for boys and girls 

D. Living Societies— Plants and Anitru ^lff 

1. Kingdoms 

2. Factors affecting balance of nature 

The Science of Soil and Water Conservation (Optional Unit) 

(Kit from Department of Agriculture, Mississippi Office of Soil 
and Water Conservation) 

A. Our Lives Depend on Soil and Water 

B. What is Soil? 

C. Soil Erosion 

D. Good Land Use Conserves Soil 

E. Hugh Bennett — Father of Soil Conservation 

F. Soil Conservation Districts 

G. How Mississippi Farmers Plan 

H. What Will Our Future Needs Be? 

I. Team Work in Conservation 

J. You Can Study Your Own Country 



8th Grade— EARTH AND SPACE SCIENCE; LIFE SCIENCE 
First Semester— EARTH AND SPACE SCIENCE 



The Earth 

A. Location 

B. Size 

C. Shape 

D. Divisions 

1. Lithosphere 

a. Crust 

(1) Internal forces 

(2) External forces 

b. Land forms 

(1) Built by earth movements 

(2) Formed by destructive processes 

c. Theories of movements 

(1) Isostasy ^ 

(2) Contraction 

(3) Convection 

(4) Continental drift 

2. Hydrosphere 

a. Oceans 

(1) Currents 

(2) Minerals 

(3) Life 

b. Other ground water 

(1) Storage 

(2) Movement 

c. Hydrology 

(1) Chemical processes 

(2) Features in earth 

3. Atmosphere 

a. Physical characteristics 

(1) Pressure 

(2) Temperatime 

(3) Humidity 

b. Air masses 

(1) I'ront 

(2) Winds 

(3) Storms 

(4) Weather forecasting 

c. Climate 

E. Age 

1. Geological Time 

a. Cryptazoic Eon 

b. Phanerozoic Eon 

(1) Palezoic Era 

(2) Mesozoic Era 

(3) Cenozoic Era 



II. Solar System 

A. Theories of Origin 

B. Planets 

1. Comparative Sizes and positions 

2. Belative distances from the sun 

a. Astronomical units 

b. Bode*s Law 

3. Natural satellites 

a. Phases 

b. Eclipses 

c. Tides 

4. Gravitational attraction 

5. Bevolutionary and rotational movement 

a. Units of time 

b. Time belts 

c. International Date Line 

d. Calendar 

e. Seasons 

III. The Sun — Our Star 

A. Size 

B. Composition 

C. Temperature 

D. Energy Source 

E. Surface Features 

IV. The Stars 

A. Composition 

B. Size 

C. lilagnitude 

D. Temperature and Color 

E. Location and Distance 

F. Motion and Effects 

G. Constellations 

H. Galaxies 

I. Other star-like bodies 

1. Comets 

2. Meteors 

a. Composition 

b. Origin 

3. Asteroids 

a. Composition 

b. Origin 

4. Nebulae 

V. Space Exploration 

A. Satellites and rockets 

1. Types of roc!:ets 

2. I^undiing rockets 

3. Tracking rockets 

4. Bocketry problems 

(Example of development of topic by fluid inquiry) 

6. Gravity 
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B. Space Problems for Mail 

1. Weightlessness 

2. Temperature and pressure 

3. Food 

4. Badiation 

C. Survey of Artificial Satellites (Optional) 

1. Communications 

2. Weather 

3. Observation 






Second Semester — LIFE SCIENCE 

I. Living Things 

A. The Nature of Living Things 

1. Physical Basis of Life 

a. Cells 

b. Protoplasm 

c. Carbohydrates as source of energy 

(Note: TWs portion of the unit provides an introduction 
to chemical formulas in biology.) 

2. Typical Cells 

3. Life Functions 

a. Food getting and use . •■ ■■ -r 

b. Oxygen getting and use :■ •. j 

c. Movement 

d. Growth 

e. Keaction to stimuli 

f. Reproduction 

4. Biographies , 

a. New knowledge and discoveries built on work of others 

b. Development of biology related to development in other 

I areas of scientific knowledge . 

F 5. Microscope 

t a. Use \ 

[ b. Care 

f B. Life Functions of Animals . 

1. Kinds of life functions 

(Study of selected characteristic animals) ' ‘ 

2. Specialization of body parts 

(Serves as basis for introduction to classification) 

3. Adjustment to environment 

C. Life Functions of Flowering Plants . 

1. Roots 

2. Stems 

3. Leaves 

4. Food-making 

6. Seeds . . 

6. Tropisms ...... 

7. Leaf — special adaptation for photosynthesis 

8. Flowers 

II. Interdependency of Plants and Animals 

A. The Oxygen Cycle 
’ B. Photosynthesis 
C. The “Food Chain” 
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Classification of Living Things 

A. Classification in General 

1. Planned system 

2. Homologous structure of animals 

3. Major divisions and sub-divisions 

4. Bases for differentiation 

B. Divisions of Plant Kingdom 

1. Four major phyla 

2. Distinctions 

C. Classification of Plants 
(Laboratory study) 

D. Divisions of Animal Kingdom 

1. Major divisions and sub-divisions 

2. Studies of selected invertebrate phyla 

3. Studies of vertebrate classes 

Genetics 

A. Heredity and Characteristics 

B. Components of Reproductive Cells 

C. Cell Division (basic understanding) 

a. Mitosis 

b. Meiosis 

Human Biology 

A. Anatomy 

B. Physiology 

1. Basic processes of selected systems 

2. Enzynies 

3. Vitamins 

4. Cancer 

C. Metabolism 

1. Energy for cells 

2. Cell oxidation 

3. Calories 

Conquest of Disease 

A. History of Progress 

1. Germ theory 

2. Selected biographies 

3. Recent discoveries 

4. Extension of life span 

B. Diseases of Man 

1. Pathological diagnosis 

2. Control, prevention 

a. Serums 

b. Vaccines 

c. Immunization programs 

3. Community and personal health 

a. Sanitation 

b. Water purification 



c. Water pollution 

d. Public Health Department 

e. Harmful use of narcotics, alcohol, and tobacco 

VII. Areas of Hobbies and Vocations 

A. Birds 

B. Fish 

G. Insects 

D. Trees 

E. Flowering Shrubs 

F. Evergreens 

G. Plant Culture 

H. Wild Flowers 

I. Lawn Grasses 
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9th Grade — INTRODUCTION TO PHYSICAL SCIENCE 



I. Introduction — ^Physical Science and Its Areas 
Al Unification of Physical Sciences 

B. Basic Assumptions in Scientific Pursuits 

II. Relationship of Mathematics to Physics and Chemistry 

A. Comparison of English and Metric Systems 

1. Metric system as universal scientific system in calculations 

2. Study of prefixes and basic units 

3. Use of capitals in symbols 

4. Internationally accepted notations 

5. Advantages of metric system over English 

B. Basic and Derived Units 

C. Scientific Notations and Significant Figures and Approxima- 
tions 

1. Scientific notations 

2. Significant figures and approximations 

a. Approximate measurements 

b. Precision instruments 

D. Conversion of Units 

E. Use of Slide Rule (Skill Optional) 

III. Organization of Matter 

A. Identification and properties 

1. Basic properties 

a. Mass 

b. Volume 

c. Density 

2. Specific properties 

a. Physical 

b. Chemical 

B. States of Matter 

1. Kinetic-molecular theory 

2. Solids, liquids, gases, and plasma 

a. General characteristics 

b. Mass inertia-definitions and relationships 

C. Classification of Matter 

1. Heterogenous mixtures and alloys 

(To acquaint pupil with the behavior of ma 'S:‘:*iS) 

2. Homogenous Substances 

a. Solutions 

(1) Identifying characteristics 

(2) Identifying elements and compounds 

b. Pure substances 

(1) Elements 

(2) Compounds 

(3) Use of symbols and formulas 
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IV. Fluids 

A. Densiiy and Specific Gravity 

1. Definition of density 

2. Definition of specific gravity 

3. Numerical relationship to metric system 

B. Pressure 

C. Buoyancy 

1. Archimedes’ principle 

2. Effect of downward pull of gravity 

D. Hydraulics 

E. Fluids (liquid or gas) in Motion 

V. Force and Motion 

A. Gravitation and Gravity 

1. Universal law of gravitation 

2. Inverse square law 

3. Advantages and disadvantages in gravity 

B. Velocity and Acceleration 

1. Definition of velocity 

2. Definition of acceleration 

C. Newton’s Laws 

1. Inertia 

2. Force-mass-acceleration 

3. Action and reaction 

VI. Energy, Work, and Power 

A. Energy 

1. Manifestation 

2. Conversion 

3. Constancy 

4. Law of Conservation of Matter 

B. Work 

1. Definition 

2. Forms of resistance that oppose work 

a. Inertia 

b. Gravity 

c. Friction 

3. Work of simple machines (See 7th grade unit on physics) 

a. Levers 

(1) First class 

(2) Second class 

(3) Third class 

b. Pulleys 

c. Inclined planes 

d. Wheels and axles 

4. Mechanica’ advantage of machines 

a. Tlieoretical 

b. Actual 

5. Efficiency 

6. Power 
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VII. Heat 

A. Kinetic Theory (including gas laws) 

1. Relationship of radiant energy to molecular activity 

2. Movement of thermal energy 

B. Specific Heat and Thermometry 

1. Thermal energy in relation to weight 

2. Use of thermometers ... 

3. Specific heat standard of water 

C. Calorimetry and Heat Transfer 

1. Methods of heat transfer 

a. Conduction 

b. Convection 

c. Radiation 

2. Conversion of BTU and calorie measurenient , 

D. Mechanical Equivalent of Heat 

1. Mechanical equivalent of heat-ratio of work done* 
to heat produced 

2. Machines operated because of heat principles . 

VIII. Introduction to Chemistry : A Few Basic Concepts 
(See 7th grade section for background review) 

A. Atomic Structure 

1. Proton 

2. Electron 

3. Neutron 

B. Terms 

1. Atomic number 

2. Atomic weight * 

3. Isotope 

4. Periods 

5. Groups (periodic table) . . 

6. Others 

C. Electron Configuration 

D. Valence (oxidation number) 

1. Definition 

2. Examples / 

IX. Inorganic Compounds 

A. Acids 

B. Bases 

C. Salts 

D. Oxides 

X. Chemical Bonding 

A. Definition 

B. Types of Bonds 

1. Covalent 

(a) Polar 

(b) Nonpolar 

(c) Coordinate covalent ■ 

2. Electrovalent ■ ; 

3. Others 
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XI. Conductivity of Solutions 

A. Electrolytes 

B. Nonelectoolytes 

XII. A Classification of the Elements 

XIII. Chemical Reactions 

A. Atomic Weight 

B. Formula Weight 

C. Combining Ratios 

D. Evidences of Chemical Reactions 

1. Noticeable ener^ changes 

2. Noticeable physical changes 

3. Endothermic reactions 

4. Exothermic reactions 

E. Some Types of Chemical Reactions 

1. Combination reactions 

2. Decomposition reactions 

3. So-ealled displacement reactions 

4. Oxidation-reduction reactions 

F. Effect of Catalysts on Reactions 

XIV. Electricity at Rest 

A. Nature of Electric Charge 

B. Charged Bodies 

1. Reason for charged bodies 

2. Danger of excessive static charges 

C. Conductors and Insulators 

1. Definitions 

2. Determinations 

D. Electrical Attraction and Repulsion 

1. Electroscope , . , 

2. Van de Graff generator electric whirl 

E. Electrical Fields 

1. Existence 

2. Uses 

XV. Magnetism 

A. Nature of Magnetism 

B. Terrestrial Magnetism 

C. Magnetic Attraction and Repulsion 

D. Magnetic Fields 

XVI. Electricity in Motion 

A. Chemical Energy 

1. Sources 

2. Electro-chemistry 

B. Current and Charge 

1. Static electricity as compared to current electricity 

2. Electric current 
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3. Measurements of current 

4. Electromagnetic waves 

C. Voltage 

1. Definition 

2. Measurement 

D. Resistance 

1. Definition 

2. Measurement 

E. Ohm’s Law 

P. Series and Parallel Circuits 

1. Basic electrical S 3 onbols 

2. Laws of series and parallel circuito 

3. Measurement of resistances in a circuit 

XVII. Electromagnetism 

A. Producing Magnetic Fields — ^Electromagnets 

B. Production of Electric Current 

1. Changing magnetic fields 

2. Transforme ■ 3 

G. AUtemating Current 

1. Generator 

a. Principles 

b. Principal parts 

2. Motor 

a. Construction 

b. Uses 

XVIII. Applications of Electrical Energy 

A. Mechanical Energy 

1. Transfer of electrical energy 

2. Determination of mechanical energy 

B. Heat, from Electrical Energy 

1. Conversion of electrical energy into heat energy 

a. Cause of heat 

b. Commercial heating dements 

c. Measurement of heat released proportional to resistance, 
current, time 

d. Measurement of heat released proportional to diameter 
and length of wire 

C. Conversion of Electricity to Light 

1. Production of light 

2. Lamps 

D. Chemical Effect of Electrical Current 

1. Electrolysis 

2. Electroplating 

XIX. Sound 

A. Definition 

B. Producing Sound 

C. Transmitting Media of Sound 
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D. Aspects of Sound 

1. Identification of aspects 

2. Transverse waves 

3. Longitudinal waves 

4. Modulation of waves 

E. Acoustics 

1. Intensity of sound and inverse-square law 

2. Reflected sound waves 

3. Materials 

F. Music and Noise 

1. Distinction 

2. Uniformity of amplitude 

3. Uniformity of frequency 

G. Musical Instruments 

1. Source of sound 

2. Principles of sound 

XX. Light 

A. Definition 

1. Electro-magnetic radiation 

2. Wave lengths 

3. Theory that light exerts pressure 

B. Nature of Light 

1. Wave theory 

2. Corpuscular theory 

C. Source 

1. As form of radiant energy 

2. Source of electrons 

3. Relativity of speed to source 

D. Intensity of Illumination and Brightness 

1. Light intensity 

2. Strength of light or brightness 

a. Candle power 

b. Relation between foot candles and candle power 

E Refraction and Reflection 

1. Variation with refracting media 

a. Plane mirror 

b. Concave mirrors 

c. Convex mirrors 

2. Refractive index 

P. Visible and Near-visible Portions of the Spectrum 

1. Function of rods and cones of retina 

2. Visible light portion of spectrum 

3. Infrared rays 

4. Ultraviolet rays 
6. X-rays 

G. Invisible Electro-magnetic Radiation 
1. Discovery and uses of 

a. Radio 

b. Radar 

c. Cosmic rays 
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d. Gamma rays 

e. Micro waves 

2. Special instruments of detection 

XXI. Radio and Television 

A. Radio 

1. Principles based on understandinsr of magnetism and elec- 
tricity 

2. Development of instruments preceding radio 

3. Radio circuits 

4. Radio waves 

a. Relationship between light and electromagnetism 

b. Predicted by Maxwell 

c. Maxwell’s predictions confirmed by other scientists 

5. Vacuum tube 

6. How it works 

7. Historic discoveries in development of radio 

B. Television 

1. Photoelectric cells 

2. Iconoscope tube 

3. Kinescope tube 

4. Color transmission 

XXII. Nuclear Science 

A. Nuclear Particles and Radioactivity 

1. Alpha particle 

2. Beta particle 

3. Gamma rays 

4. Sources ot radiation 
6. Geiger counter 

B. Isotopes 

1. Definition 

2. Radioactive isotopes 

C. The Release of Nuclear Energy 

1. Terminology 

a. Fission 

(1) Transmutation 

(2) Critical mass 

(3) “Breeder” reactor 

(5) MEV (Million Electron Volt) 

b. Fusion 

(1) Principle 

(2) Increase of energy in fusion explosions compared 
with fission explosions 

(3) Limits of control for peaceful uses 

2. Instruments 

a. Geiger counter 

b. Electroscope 

c. Dosimeter 

d. Scintillation counter 

e. Film badge 

f. Cloud chamber 

3. Civil Defense 
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D. Peacetime Applications of Nuclear Energy 

1. Applications in various fields 

a. Industry 

b. Agriculture 

c. Medicine 

d. Space exploration 

e. Research 

2. Nuclear Reactor 

XXIII. Career Opportunities 

A. Manpower 

B. Literacy 

C. Leadership 
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For Use As A Teaching Aid— Unit I 
SEVENTH GRADE COURSE OF STUDY— GENERAL SCIENCE 



I. Introduction to General Science 

A. What Is Science? 

B. The Nature of Science 

C. How Science Is Related to Other 
Subject Matter Courses 

D. Attitudes Toward Learning 

E. Developing a Good Attitude 
Toward Learning Science 

F. Skills Which Help the Learning 
Process 

6. Extended Science Activities 

II. Introduction to Earth Science 

A. The Earth 

B. The Atmosphere 

III. Introduction to Physics 

A. Matter 

B. Energy 

C. Simple Machines (optional) 

D. Structure of Atoms & Molecules 

E. Basic Magnetism & Electricity 

F. Study of light 
6. Study of Sound 

IV. Introduction to Chemistry 

A. Review of Atomic & Molecular 
Structure 

B. Periodic Table of Elements 

C. Mixtures, Compounds, and 
Chemical Changes 

D. Significance of Chemistry in 
Other Areas of Science 

V. Introduction to Biology 

A. Basis of life - The Cell 

B. Cellular Processes 

C. Growth and Development 

D. Living Societies-Plants & Animals 

VI. The Science of Soil and Water 

Conservation 

A. Our Lives Depend on Soil & Water 

B. What Is Soil? 

C. Soil Erosion 

D. Good Land User Conserves Soil 

E. Hugh Bennett-Father of Soil Censer. 

F. Soil Conservation Districts 

G. How Mississippi Farmers Flan 

H. What Will Our Future Needs Be? 

I. Team Work in Conservation 

J. You Can Study Your Own County 
Portions of text not specifically correlated 

to Ciourse of Study Outline (for enrichment)): 
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T^chingr Aid — ^Unit I 

Unit I - Earth and Space Science - Topic: Atmosphere, Temperature 
(Lab lesson) 
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The two scales most commonly used in measuring temperature 
are centigrade and Fahrenheit. (Find out what other scales 
are used and why) . Centigrade is the scale preferred by most 
of our scientists. (Can you determine why this is true? 

Examine a centigrade and a Fahrenheit thermometer; notic- 
ing the difference in the spacing of divisions. Place each ther- 
mometer in a 250 ml. beaker of water. Heat each to boiling: 

C boiling point 

F boiling point 

Place 250 ml beaker of water in a solution of ice and salt. 
Check the freezing point with both thermometers. 

C freezing point 

F freezing point 

Imagine the degree on the two thermometers to be steps. The 
distance is the sanie but the steps are not the same length. 
We can compare the two thermometers by saying that one has 
short steps aiid the other has long steps. 

(a) ‘TOich thermometer has the long steps? ^ 

How many times as long are they as the short 

■ steps? 

^ s ; * 

;(b) Which thermometer has the short steps? ^ 

The short steps are only ^ as long as the long 

steps. (Give fraction.) 

(c) One degree on the centigrade scale is equal to — 1: — 

degrees on the Fahrenheit scale. . 

(d) One degree on the Fahrenheit scale is equal to 

degree on the centigrade scale. 

^Referring to the above, explain why these two formulas are 
correct for converting temp, from one scale to another. 

I ■ * 

9=6 



F — c + 32 
6 . 



c = — (F-32) 
9 



Try these problems: ! 

1. What w^ill 10 degrees on the centigrade equal on the F thermometer? 

2. If the temperature drops from boiling to 90 degrees C what would it 
drop to on F?. 

3. l^en it is O'J’, how many degrees below freezing is it on this same 

S(»le? . 



4. What is the ideal indoor temperature in C* if it is considered to be 
6$* on the F scale? 

5. Alcohol I thermometers are used in polar regions where temperature 
is below freezing point on • Mercury. What is the freezing point of 

merculy in F* ? in C* ? : 



I 
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Topics Understandings Suggested Activities 

A. The Earth (Continued) over a candle. Allow to cool. Wipe 

off carbon deposit. Note the for- 
mation of crystals. If polarized 
lenses are available, observe the 
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References: 

(a.) Geology and Earth Science Source Book. p. 23. 
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Tests for physical properties of rock 
forming minerals : 

(1) Test for hardness. 



Understandings > Suggested Activities 
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Topics underatandinga Suggeated Activities 

.. TT in the Wolf River area of Hanison 

(Unit II, continued) County, loess in the delta region.) 
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Tovica UvderstaMings Suggested Activities 
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fa 



and humidity guage. Make a wall 
chart for recording this data. Graphs 
of daily changes may also be made. 
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Topics Vndersandings Suggested Activities 

^Unit II. continued) Make a simple aneroid barometer. 

^ ^ Cut the dome-shaped end of a rubber 

balloon from its neck and snap over 
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Teaching Aid — Unit II. 

CROSS-SECTION OF GLOBE (SPHERE) SHOWING THE FOUR MA- 
JOR PARTS OF THE LITHOSPHERE. 

(All depths are approximate.) 

North 

CRUST (3 to 26 miles thick) 
Continents-made of granite, avg. 
25 mi. thick. 

Ocean floors, -made of basalt, 
avg. 3-4.5 mi.”. 

(Mohorovcic discontinuity - base 
of crust) 

MANTLE (1800 miles thick) 

Made of rock, probably oli- 
vine. 

OUTER CORE (1300-1360 miles 
thick) Made of molten (semi- 
liquid) iron & nickel. Origin of 
earth’s magnetic field. 

xNNER GORE (860-900 miles th.ck 
to center, i.e.. the radius; dia- 
meter-1720-1800 miles.) Prob- 
ably iron & nickel in solid state. 
(Some geolog’"sts favor the theory 
of an iron-silicate composition of 
earth’s core.) 

Earth’s diameter — approximately 

South 

~ . Earth’s circumference - approxi- 

POi© mately 25,000 miles. 

CHART: PARTS OF EARTH ACCORDING TO THE FORMS OR 
STATES OF MATTER. 




Forms of Matter: 


Parts of Earth : 


Includes : 


1. gas 


atmosphere 


gases, clouds, etc. 


2. liquid 


hydrosphere 


water of earth (rivers, oceans, etc.) 


3. solid 


lithosphere 


rocks, minerals, soil, etc. 



LAYERS OF EARTH'S CRUST (SOIL PROFILE). 

Ability to 

[I 




Layers: 



support 

growth: 



TOPSQIL Fertile 



• • • i * • 

’ 

r . • • . . • 



Fine rock particles. 
Minerals — inorganic ma- 
terial 

Humus— organic material 
Microorganisms — ^living 
Water and air; space 

SUBSOIL Semi-fertilfc Larger rock particles. 

Much smaller amounts of 
humus, microorganisms, 
minerals, etc. 

(Parent Source of 
Material) subsoil 

BEDROCK Comes from 
mantle rock. 

Non-fertile 



Beferences : LIFE’S Picture Atlas, 1961 ; Science Service ProKram ; National Geograpbic Magazine ; Steek 
Co. Science Series; Van Nostrand World of Science Series; Macmillan Co., Book 8; Brinckerhoff, The 
Physical World; Znmberge, Elementa of Geo. 
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(All classes are broken down to rock particles, sediments, by 
weather and erosion.) 



UNIT III— 7th Grade 
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Understandings Suggested Activities 
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Unit III — continued 

Power > (continued) trips per minute. 

a. What is the distance the horse walk- 
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TEACHING AID, UNIT III, ATOMS AND MOLECULES 

The Nature of Matter 
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Teaching Aid — Unit III, Basic Magnetism and Electricity 

THE BEHAVIOR OF MAGNETIC SUBSTANCES IS KNOWN AS GILBERT’S 

LAW. 

The lines of force (magnetic field) around the poles of magnets: 
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Single Bar Magnet 



KINDS OF MAGNETS: 

a. natural — example, lodestone 

b. artificial 

(1) temporary 

(2) permanent 

THE THEORY OF MAGNET- 
ISM; 

A magnetic substance is made 
up of domains, each of which is 
a magnet itself. When the sub- 
stance is magnetized, the do- 
mains are arranged with all the 
north poles pointing in one di- 
rection and all the south poles 
pointing in the other direction. 
When the substance is not mag- 
netized, the domains are ar- 
ranged in a disorganized fash- 
ion. 

Cutting a bar magnet in pieces 
can prove the magnetic theory. 

MAGNETS ARE MADE BY 
ONE OF THREE WAYS: 

1. Conduction 

2. Induction 

3. Electricity 

( electromagnets ) 
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TEMPORARY MAGNETS ARE 
DESTROYED BY TWO WAYS: 

1. Heat 

2. Sudden jarring 

THOUGHT QUESTION: Can 
you relate the Electron Theory 
to the Theory of Magnetism? 



Two Bar Magnets 
Like poles 
(repel) 


Two Bar Magnets 
Unlike poles 
(attract) 
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Teaching Aid — Unit III, Basic Magnetism and Electricity 
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In a series circuit, the current 
flows through each and all the 
electrical devices (such as cells, 
light bulbs, switches, etc.) before 
returning to the source. If there 
is a break in any part of a series 
circuit, or if an appliance is turn- 
ed off, the entire circuit becomes 
opened and the current no longer 
flows. 



A parallel circuit consists of a 
number of branches, each of which 
is independently connected with 
the source. If there is a break in a 
parallel circuit, only that branch 
is ^fected. AJil other branches re- 
main closed circuits and thus the 
current continues to flow through 
them. For this reason, all electri- 
cal appliances in the home are 
wired in parallel. 
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Teaching Aid — Unit III, A Study of Light 

LIGHT MAY BE EITHER REFRACTED OR REFLECTED. 

There is a principle which explains each process. 

REFRACTION means the bending of light rays. When light is refracted 
the rays may be not only bent but also separated into the segments which 
make up the ray of light. Substances or objects, such as water or a prism, 
may serve as refractors of light. 

When a prism is used to refract light, the ray of light may be broken 
into its separate segments of different lightwave lengths. Each of these 
different wavelengths will result in a different ray of colored light. The 
density of the substance will determine the degree to which light inay 
be bent. The ray of light bends toward the perpendicular on entering 
the denser medium, away from the i on leaving the denser medium. 

The drawing illustrates a ray of white light being refracted by a prism. 
The right hand column of terms indicates the wavelengths of energy from 
the sun in their respective order. 




Sound waves 

Long waves [ 

( Standard broadcast ) !• RADIO 
Short wave J 

VHF 

Radar UHP 
TV 



Infra-red waves 

RED 1 

ORANGE 

YELLOW 

GREEN 

BLUE 

VIOLET ] 

Ultraviolet waves 



THE SPECTRUM 
(band of 
color) 



X-rays 

Cosmic rays (mostly in space) 



‘ White light 
and the 
• spectrum 
are the 
only visi- 
ble por- 
tions of 
i light.* 



THE PRINCIPLE OP REFRACTION : As light energy passes through a 
substance it is bent and/or separated into different lightwave lengths. 
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THE LAW OF REFLECTION : The angle at which a ray of light reflect- 
ed from an object strikes the mirror EQUALS the 
reflected ray leaves the mirror. In other words, THE AiNGLE OF 
INCIDENCE EQUALS THE ANGLE OF REFLECTION. 



Ray striking 
mirror 




Reflected ray 
from mirror 



mirror 

Angle of incidence equals Angle of Reflection 



♦(Note: This means without the aid of special devices. Under special 
conditions ultraviolet and infra-red rays may be seen.) 
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Teaching Aid — Unit III, A Study of Sound 

TABLE ON CHARACTERISTICS OF SOUND: 

Cha/racteTistics Described as: Depends upon: 

1. pitch high, medium, low number of vibrations per second 

(frequency) 

2. volume loud, medium, soft energy of the sound wave 

(amount and intensity) 

3. tone or “sounding like , . . manner in which object is 

quality pleasing or displeasing; vibrating (waveform) 

good or bad, etc. 

ALL THESE DIAGRAMS ARE PICTURES OF SOUND WAVES. 

Each shows one of the characteristics of sound. 

PITCH: Number of vibrations (rate) per second. The human ear 
cannot hear below 16 nor above 20,000 vibrations per second, 
on the average. The scientific way of expressing this fact is to 
say that the range of human hearing is from 16 cycles to 20,000 
per second. 



HIGH 

PITCH 



No.Sec: 1. 2; 3. A. 5. 6. ?. 8. 9. 10. U. 12. 13. 

VOLUME: Amount and intensity (strength of sound wave). 
Pictured as height of wave: 




(Biual rrequeney) 



LOUD 
VOUJMEl 





1 !YT\1XA.'!Xi 


f V J ' 


Vj u u 



SOFT 

^OLDKB 



QUALITY: Pictured as shape of wave (wave form). 

Determined by manner in which sound is made. 
Described as “sounding like ” 




THE HUMAN EYE IS LIMITED TO THE SIZE OP THE WAVE- 
LENGTH OF LIGHT IT CAN SEE. 

THE HUMAN EAR IS LIMITED TO THE RATE OP SOUND WAVES 
IT CAN HEAR. 



VOCABULARY STUDY. Include these terms : 

1. compression- 3. auditorium 5. audio-oscillator 

2. transmitter 4. auditory nerve 6. oscilloscope 
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Teaching Aid — ^Unit III, Simple Machines 
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BALANCE — a state in which the combination of factors on one side of a 
point equals the combination of factors on the other side of 
that point. 



FI60REZ 

(1st class lever) 

n6URE4- 

(3rd class lever) 







(load) 

A 



(force) 






A 

(fulcrum) 

A 







PI6URe3 

(2nd class lever) 
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Teaching Aid — ^Unit III, Simple Machines 

FIVE STEPS FOP SOLVING PROBLEMS OF SIMPLE MACHINES: 
(These must always be done in the order given.) 



1. Write the equation or formula. 

2. Rewrite the equation substituting the known values in their proper 



places. 

3. Assign the letter “X” to the unknown value. 

4. Solve the equation or formulas for X. 

5. CHECK YOUR SOLUTION BY: 



(1) Writing the equation or formula. 

(2) Rewriting the equation substituting the known values in 

their proper places. . , ..r 

(3) Substituting the value you received for X when solving the 

(4) Wortog the problem. If you get the same figure on bo^ 
sidei of the equation or formula, then your solution for X 
is correct because the two sides are in balance. 

FORMULAS FOR SOLVING PROBLEMS OF SIMPLE MACHINES: 

1 Balance: WiDi = W2D2 Weight times distance on one side equals 

weiffht times distance on the other side. 



Li length of force arm of lever 

2. Lever :Theor.MA = — of resistance arm of lever 

3. Fixed pulley: Unity one; no increase in force (Only the di 

rection is changed.) 



4. Single moveable 
pulley: 



Theor. MA = 2:1 



which is derived from: 
d diameter of pulley 



r radius of pulley 



5. 



Wheel and axle: 

Theor. MA = 



ri 

r2 



radius of wheel 
radius of axle 



6. Inclined planes: 
a. (Force applied 
parallel to the 
plane.) 




length of incline 



height raised 



b. (Force applied parallel to base.) 

b length of base 
Theor. MA = — 




h height raised 



7. 



Wpdi?6 1 

(A double in- height 

dined plane.) Theor. MA = — 

b base 



(Note: There are other formulas than these for solving 
the mechanical advantage problems of siniple ma,- 
chines. Some teachers may prefer to use their own.) 
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Teaching Aid — ^Unit III, Simple 
Machines 

SAP!kIPLE PROBLEMS ON BAlL- 
ANCE AND LEVERS: 

(Apply the 5 problem - solving 
steps.) 

What is the formula for solving 
problems on balance? 

IN FIGURE 1, S is hung at 4 in. 
and T is hung at 6 in. : 

1. If S weighs 9 pounds, how much 

does T weigh? 

What part of the formula did 
you solve for? 

2. If S weighed 10 pounds, and T 
weighed 4 lbs.; and, if T were 
hung at 5 in. ; where would S be 
hung? What part of the formu- 
la did you solve for? 

3. If your known values are: 

S = 3; T= 6; D 2 = 9, 
what is the value of the un- 
known? ^^at part of the prob- 
lem did you solve for? 

4. If your known values are: 

Wiis3; W2is4; Di is 8; 
what is the value of the un- 
known? What part of the for- 
mula did you solve for? 

PROBLEMS ON LEVERS: (Fig 
ure 5) 

What is the formula for finding 
the theoretical mechanical advan- 
tage of simple levers? 

If the rock weighs 76 lbs., and, if 
K is 3 ft. long, and M is 9 ft. long: 

5. How much force (F) would the 
man need to move the rode? 

6. What is the theoretical mechan- 
ical advantage of the lever? 

If the rock weighed 120 lbs., and 
if li is 8 ft., and the man used 20 
lbs. force: 

7. How long would I 2 have to be 
to move the rock? 

8. What is the theoretical mechan- 
ical advantage of the lever? 



Write your problems 
in these spaces 
using the formulas: 


Prove your 
answers in these 
spaces: 


(1) 

WiDi = W 2 D 2 
9 X 4 = X X 6 
36 = 6X 
36 = 36 


9 X 4 = 6 X 6 
36 = (6)6 
36 = 36 


(2) - 

WiDi = W 2 D 2 
10 XX = 4X6 
10X = 20 
. X = 2 


WiDi = W 2 D 2 
10 X 2 = 4 X 6 
10(2) =20 
20 = 20 


(3) 

WiDi = W 2 D 2 
3xX=6X9 
3X= 54 
X = 18 . 


3 X 18 = 6 X 9 
3(18) = 54 
54 = 54 


(4) 

WiDi = W 2 D 2 
3x8=4xX 
24 = 4X 
6 = X 


WiDi = W 2 D 2 
3x8=4x6 
24 = 4(6) 

24 = 24 


(5) 

WiDi = W 2 D 2 
75 X 3 = X X 9 
225 = 9X 
25 = X 


WiDi = W 2 D 2 
76 X3 = 25 X9 
225 = (25)9 
225 = 225 


(6) 

Li 

Theor. MA = — 
L 2 

9 

Theor. MA = — 
3 

Theor. MA = 3 


F X MA = Resistance 
26 X 3 = 75, rock 
75 = 75 

R 75 

=F:~ = 25 

MA 3 

25 = 25 


(7) 

WiDi = W 2 D 2 
120 X X = 20 X 8 
120X = 160 
X = 1 1/3 


WiDi = W 2 D 2 
120 X 1 1/3 = 20 X 8 
160 = 160 


(8) 

Li 

Theor. MA = — 
L 2 

8 

Theor. MA = 

11/3 

Theor. MA = 6 


F X MA! = R 
20 X 6 = 120 
120 = 120 



UNIT IV— 7TH GRADE 
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Supplemental Exercise for Chemistry Unit 

SYMBOLS — ^Using symbols of the elements, list the gases in air. (O 2 , 
Ns, Hs, COs» and minut^; quantities of others.) 

A. Have the gases of the air combined with each other? (Students 
may answer, “yes,” but actually they have not, by definition of 
mis^re and compounds. 

Do you find the same amounts of each in the air in all localities? 
Is there a chemical reaction between these gases? Why? 

B. What would you call this combination )f gases? (a mixture) Why? 
(There is no chemical reaction betw^'dn the gase<>. and no special 
chemical process is necessary to r«^mrn tliem to an original state. 
Also varying the amounts of the gases present does not change the 
fact that it is air.) 

FORMULAS — What are the two elements which combine chemically to 
make water? 

C. (Hydrogen and oxygen) 

What is the chemist’s way of writing water? (HaO) 

What does this way of writing “water” tell you about Us chemical 
nature? 

(It is composed of hydrogen and oxygen. It takes 2 atoms of hy- 
drogen in chemical combination with 1 atom of oxygen to make 
1 molecule of water.) 

(See Unit II) 

Chemically, what is water as compared to air? (a compound) 
EQUATIONS — ^Using the information you have gathered from the for- 
mula for water, 

D. Show how these elements combine mathematically to make a mole- 
cule of water. This form of statement is called an equation. 

2 atoms of Hydrogen plus 1 atom of oxygen makes 1 molecule of water 

2H + 0 HaO 

(Important note: Actually oxygen in the air is found in the molecular 
state, O 2 , rallier than the atomic, 0.) 

Other factors and special conditions are usually necessary to complete 
this chemical combination. 

Note the use of the arrow instead of equal sign. 

Other chemical processes may be used to reverse this reaction, in which 
case the arrow would also be reversed. 

Another simple equation: 

Ha + CI 3 . 2HC1 

(One molecule (One molecule yields (two molecules of hydrogen 

of hydrogen) of chlorine) chloride) 
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of a green leaf so that part of the leaf 
is shielded from light. Allow the plant 
to grow normally for a week in its us- 
ual conditions. Remove the pieces of 
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TopicB Understandingi Suggested Activities 

(Unit V, continued) 
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Topics Understandings Suggested Activities 

Unit V (Continued) The following activities are suggested 

only as an introduction to this broad 
area of study. 
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Teaching Aid, Unit V. 

PRINCIPAL PARTS OF A CELL‘ 

Living Substances: 

Protoplasm 
Cytoplasm 
Nucleus 
Cell Membrane 
Plastids 
Mitochondria 



DIFFERENCES BETWEEN PLANTS AND ANIMALS* 

In the final analysis there are no criteria which enable us to divide 
all organisms into two clearly defined groups ... the plants and the 
animals. The following differences hold true in most cases. 



Nonliving Substances: 
Cell Wall 
Vacuoles 
Cell Sap 



Plants 

(a) Have cellulose cell wall. 

(b) Have no powers of locomotion. 

(c) Are less irritable. 

(d) Grow throughout life. 

(e) Manufacture own foods. 



Animals 

(a) Have no cell wall. 

(b) Have powers of locomotion. 

(c) Are more irritable. 

(d) Grow to a definite size. 

(e) Require complex foods from 
outside. 



*Sam S. Blanc, et. al.. Modem Sctenae 1, (New York: Holt, Rinehart, 
and Winston, Inc., 1963), p. 203. 

^Gordon Alexander, Biology, (7th ed.; College Outline Series; N.Y.: 
Barnes & Noble, Inc., 1959), p. 27. 
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Topics Understandings Suggested Activities 

b. 48 countries adopt his ideas 

Material may be obtained on other topics of Soil and Water Conservation from U. S. Soil Conservation Service, 490 
Milner Building, Jackson, Miss, to develop the follov7ing outline: 
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Conservation is a philosophy 
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Topics Understandings Suggested Activities 
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Topics Understandings Activities 

Tempera- minute intervals. Conclude which of the 

ture (Cont.) materials heats the faster. 
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Can you suggest other methods of measuring rain drops? 

What additional facts might be interesting for a study in regard to rain drops? 
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SPECIAL LAiB EXERCISE 



Unit 1 Earth and Space Science 
Occluded Front 

Take a small rectangular jar or small aquarium; place a clear glass 
section to divide into 1" "^. FiU with water and heavily salt one section 
of the water. Put rt .. coloring in one end, green in the other. Stir 

quickly and remove L 2c£S section. Observe the occlusion in color. 
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Problem: How we. can measure the pull of the earth 
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Which scale would be best suited for heavy objects? 

Why? 

Where have you seen such scales? List several of each. 

Why was this lab lesson titled “How we measure the pull of 
the earth”? 



TABLE OF GRAVITY CORRECTION FACTORS FOR OLYMPIC 

RECORD KEEPERS 



Latitude degrees 


Javelin throw 


Broad Jump 


Shot Put 


90 


+24.47 


+2.47 


+5.64 


70 


+19.80 


+2.00 


+4.37 


60.2 (Helsinki) 


+14.15 


+1.43 


+3.26 


52.3 (Berlin) 


+9.00 


+0.91 


+2.07 


50 


+7.24 


+0.73 


+1.67 


48.88 (Paris) 


+6.40 


+0.65 


+1.48 


41.9 (Rome) 


'■■■+1.77 


+0.18 


+0.41 


40 (Columbus) 


0.00 


+0.00 


+0.00 


37.7 (Melbourne) 


-1.60 


-0.16 


-0.37 


34.1 (Los Angeles) 


-4.13 


. -0.42 


-0.95 


20 


-12.35 


-1.25 


-2.85 


10 


-15.97 


-1.61 


-3.68 


0 (Equator) 


-17.23 


—1.74 


-3.97 



Application: Some athlete using the same amount of energy would throw 
a javelin a shorter distance at Helsinki than Columbus due 
to the pull of gravity. Therefore, add 14.15 centimeters to 
the Helsinki score. 
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TIME BELTS — U. S. 



9d>*E 





The irregular lines on the map represent the adjustment in time belts 
to consider preference of towns and railroads. 

(a) What time is it in Chicago? (CST) 

(b) What time is it in New York? (EST) 

(c) What time is it in Denver? (MST) 

(d) What time is it in Los Angeles? (PST) 

What time will you see a T.V. program in Los Angeles if it is shown 
in New York at 8 P.M.? 

If you call a relative in Chicago at 9 P.M, his time, what time should 
you place the call from your home in Seattle? 



What time will you arrive in Dallas, Texas, if you board a plane at 
8:40 A.M. in New York for the 2 hour and 16 minute trip by jet? 



INTERNATIONAL DATE LINE 



The International Date Line is the place where travelers set the day for- 
ward if traveling westward and backward if traveling eastward. If it is 
Sunday on the east side, it is Monday on the west side of the International 
Date Line. When it is midnight at the International Date Line, it is noon 
at the prime meridian. 







Diagram A 

1. 30 min. past noon at prime meridian = at the interna- 

tional Date Line. 

2. On the diagram above write in the time at each meridian when 
it is 12 :38 P.M. at the 0° meridian. 



3. Shade the part of the diagram that is the new day between mid- 
night and International Date Line. How old is the new day? 
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♦Note; It 'would be possible in some classroom situations to divide the materials contained in this unit, assign to groups, 

and with a minimum of teacher activity, have the unit taught by the students. 

Ref: Modem Science III, Holt, Rinehart, Winston, Inc., pp. 374-S81. 

Modem Science I, 94-100. 

Basic Earth Science, Singer, 369-398, 416-423. 
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lAfe Science. Van Nostrand, p. 28>34. 
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Science, A Key to the Future, MacMillan. .Ajctiviiy 3. p. 450. 
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running water. Carefully dry between paper 
towels and bleach with hydrogen peroxide or 
leave as is. 



Laminate between plastic to keep. The food 
chain illustrated is: bacteria feeding on leaf 
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Problem: Determininsr the sufirar content of chewing glim. 
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LAB EXERCISE 
TOPIC: FOOD CHAIN 



Balanced aqmrium o:.. J iu 1!.^ - 

Gallon jug 

Granite chips, washed thoroughly. Use enough to cover the bottom 
of the jug when laid on its side. 

Plants — 2 or 3 water plants from pet store or from local ponds. 
Pish — a small gold fish or a guppy. ; f. • 

Wooden blocks to hold jug in stationary position on its side. 



Put in the washed granite chips. Place the plants in the granite layer 
(use long tongs or bent clothes hanger). Add water to as near the top as 
^ssible and allow it to set for 2 or 3 days to condition the w;ater.- Add 
the fish. Seal the jar. Secure jug in position on its side. Keep air space 
as small as possible at the top. This aquarium can be kept successfully 
for several months. 



SIMPLE TERRARIUM 

Jar — a wide mouthed mayonnaise jar or glass cookie jar. 

Moss — turf about 2 inches or more thick 

Small animal — a small lizard or other small terrestrial animals 

Plants — small fern, or other small green plant 

Place turf in bottom of jar. Water it adequately but not too much. Put 
animal in the terrarium. Top to the jar need not be sealed because it will 
have to be removed to feed the animal. Do not leave the terrarium in the 
sunlight or near other heat source. Light in the room will be sufficient 
to keep photosynthesis processes in operation. 

Turtle Terrarium-aquarium 

Glass tank — allow one square foot for every 2 inch leave out turtle. 

Water — enough for the largest turtle to be completely submerged. 

Some species feed only under water. 

Arrange so that the turtles can climb completely out of water if they 
want to. Temperature of water should be kept between 75 and 85 degrees 
F. Water may range from 65 to 90 degrees F but extremes should be 
avoided. Controlling the water temperature may be helped by a goose- 
neck lamp with a 40 watt bulb over the aquarium end. Check the temper- 
ature daily. 

Sunlight is essential for growth of a turtle’s shell and to control 
growth of algae. Shade must also be provided so the turtle will not be- 
come overheated. 

Glass cover over the container will keep out the dirt. Saran-wrap or 
plastic can also be used as long as it is not tightly fastened. Air must 
have reasonable circulation. 

Granite chips or sand can be used in the terrarium. When sand is 
used it should be baked at 350 degrees F for about 15 minutes to kill bac- 
teria or algae. Rocks should be thoroughly cleaned. 

Turtle feeding will contaminate the tank. If possible, the turtles 
should be fed in another container ; if not, be sure to clean the tank after 
feeding. 

Avoid temperature changes in adding water. 
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Feeding must not be more than 2 or 3 times a week. Food should be 
chopped into small pieces. Prepared food is not adequate. The following 
is a good turtle diet and should be varied from time to time: 

Cod liver oil or bone meal 

Flies 

Hamburger 

Oatmeal 

Lettuce, if carefully washed. 

Hibernation will be discouraged if (1) no place to hibernate is avail- 
able, or (2) turtles are kept at uniform temperature all year. 

It turtles* eyes close, it indicates lack of sunlight, or poor dirt and low 
temperature. 

Fungus can be killed by putting turtle in solution of one tablespoon 
of salt to one gallon of water for one hour. 
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Have student reports on the world's food 
supply as a social and economic problem of 
£reat importance in the present day world, 
and what is being done to solve this prob- 



Topics Uvdersandings Activities 

Help students develop understanding of how 
geography, economic conditions and educa- 
tional level affect world food supply.: - 
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Problem :How characteristics are related to classification. 

Material : Set of paper figures : as follows (Number from 1 thru 16) 

A. 1 red diamond — edges 3 inches long 
1 red diamond — edges 1 1/3 inches long 
1 yellow diamond — edges 3 inches long 
1 yellow diamond — edges II /2 inches long 
1 red circle — diameter 3 inches 
1 red circle — diameter P /2 inches 
1 yellow circle — 3 inches diameter 
1 yellow circle — 1^ inches diameter 
1 red rectangle — 1^ by 4 inches pinked edges 
1 red rectangle 3/4 by 2 inches, pinked edges 
1 yellow rectangle IY 2 by 4 inches, pinked edges 
1 yellow rectangle — 3/4 by 2 inches pinked edges 
1 red rectangle — 1Y2 by 4 smooth edges 
1 red rectangle — 3/4 by 2 inches smooth edges 
1 yellow rectangle — by 4 inches smooth edges 
' 1 yellow rectangle — 3/4 by 2 inches smooth edges 

B. Set of organisms : 
ivy and philodendron 
cricket and roach 
housefly and honey bee 
grasshopper and katydid 
frog and toad 
sowbug and pill bug 
earthworm and centipede 
salamander and lizard 
black oak and w'hite oak 
sliver maple and 

sugar maple 
butterfly and moth 

Activity: List numbers of figures 

A. Write a description of each figure after its number. What four- 
characteristics are involved in each figure? If a figure were 
described to you without the number being given, could you 
pick it out? 

What would be the easiest way to learn the characteristics and 
the quickest? * 

Arrange the figures into 3 groups by characteristics 
Eecord how you divided the figures. 

Arrange the figures into 2 groups by characteristics. 

Becord how you divided the figures. 

Is there any other characteristic on which you could 
arrange the 16 figures into two groups? 

Becord how this can be done. 

Ee-arrange the figures into three groups as done previously. 
What sub-groups do you find within each of the three groups? 
Ee-arrange the figures into the 2 groups done before and find 
the sub-^oups. 

How is. this like the “set” theory in modern math? 

Diagram your sets. 

On the basis of what characteristic could the figures be said to all 
in one group? 

*Note to teacher: at the conclusion of the work on the figures the “class- 
ification” may be worked out on the board as a summary for the work. 



Will be handed out in pairs. . . 
each pair is to be numbered. . . 
each organism is to be letter- 
ed 
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Problem: How characteristics are related to classification. 

Materials: Listed on previous lab sheet under (B) 

Activity : List the number of each group and under it the letters of the or- 
ganisms in the pair 

Write a list of ways the individuals in each pair are alike ; then, 
make a list of the ways they are different. 

On the basis of what characteristics would you arrange the 
organisms into two groups? 

On the basis of what characteristics could they all be arrang- 
ed in one group? 

V/hat are the main characteristics you considered in arranging 
the groups? 

List the pairs you think could be grouped together and tell why. 

Write a description of two individual organisms omitting their 
number and letter. 

When the whole class is ready each group will read its classifi- 
cation description. Each student should write down what is 
described and check to see if he is right. Each student 
should be ready to justify his selection on the basis of char- 
acteristics. 

♦Note to the teacher: After the above work is complete, introduce the 
class to the divisions of biological classification such as king- 
dom, phylum and on through genus and species. Help the stu- 
dents draw parallels between these groups and their grouping 
of the paper figures. Then help them place the organisms 
into the proper classification. Point out that "arranging** into 
groups is classifying. Difficulties the students have in deciding 
how to place the organisms should be pointed out as similar to 
the trouble experienced by biologists in classifying plants and 
animals. 

This material was adapted from "Laboratory and Field Studies in Biology** 
by Holt, Kinehart and Winston Inc. Pages 37-44. 
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Problem: Ajce all members of a species alike? 

Materials: lOO leaves from the same tree 

Information as to what part of the tree the leaves came 
from was taken. 

Euler, paper, pencil 

Activity: Measure the leaves as accurately as possible using metric 
measures. Round all figures to nearest whole number. 

Be careful to record the lengths along with the location from 
which the leaf came. 

Make a histogram similar to the one shown below, using your 
measurements. First you determine the longest then the 
shortest. Divide the remaining distance be^een the ex- 
tremes into regular intervals. Mark the position for the 
blocks that represent the length of leaves in various groups. 
Count the measurements that fall into each length-of>leaf 
group. Complete as shown below: 




Conclusion: Does there appear to be a pattern for your histogram? 
Explain. 

How does it compare to the patterns formed in other groups 
in your class? 

Would you expect to find variations in the following 
traits? 

a. weight of radish seeds 

b. thomlness of honey locust trees 

c. color of song sparrows 

d. length of rabbit ears ' 

One of the factors responsible for variations within a spe- 
cies is age. Both plants and animals show change as they 
grow older. Young birds are different in color from adults; 
a Siamese cat grows darker as it grows older. Can you 
suggest other factors that might also affect variations? 
*Note to teacher: This lab lesson introduces the students to a new way 
of showing their findings or conclusion. This method c.an be used in 
other lab lessons. 

Material in this lab lesson comes from “Laboratory and Field Studies 
in Biology*’ by Holt, Rinehart and Winston Inc. It has been 
adapted for class use. 
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Topics Understandings Activities 
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Discuss the ‘‘algae solution” for space cabins. 
Challenge project: Set up nutrition experi- 
ment with rats. 
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Springs, Mississippi, requesting copies of 
“Gulf Research Reports” and reprints on 
desired topics. (Be specific in request). 
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Nortiiem 



NATIVE PLANT PROTECTION LIST FOR MISSISSIPPI 



Below is a list of native plant material found in decreasing amounts in 
the State of Mississippi, and in order to protect them from extinction, it 
is recommended that they be placed on a conservation list and not be 
permitted to be shown in an^’^ standard flower show. 

1. RARE SPECIES 

Flowers and seed pods of these plants should not be removed. 
Plants should not be disturbed unless site is to be destroyed. Such 
site should be considered a wildflower preserve and protected as 
such. 



Pink Dogwood* Lady Slipper* 

Yellow Violet Closed Gentians 

Indian Pipe* Gingseng 

2. NOT COMMON 

Not found in quantity throughout the state, but in relative 
abundance in limited areas. Roots should not be disturbed and 
enough flowers left to go to seed. Site should be considered wild- 
flower preserve. 

Cowcumber Redbud 

Flowering Dogwood** Tulip Poplar 
American Holly Bloodroot 

Cardinal Flower Gayfeather 

Hepatica Indian Pink 

Puccoon (Yelow Trillium 

phlox) Wild Larkspur 

Wild Columbine Wild Ferns 

Wild Iris 
Yellow and white 
fringed orchids 

3. COMMON 

Common in certain areas, such as longleaf pinelands, loes- 
sal bluffs. 



Blue stars (blue 
dogbane) 
Bittersweet 
Cornflower 
Crabapple 
Lupine 

Oak leaf hydrangea 
Poppy mallow 
Rose gentians 
Swamp iris 
Wild phlox 

(Sweet William) 
Wild verbena 
Yellow jasmine 



Blue lobelia 

Bird's foot violet (Johnny-Jump-Up) 

Coral bean 

Jack-in-the-pulpit 

Mandrake (common May apple) 

Pitcher plant 

Red haw tree 

Silver bells 

Viburnum (maple leaf) 

Wild azalea (bush honeysucle) 
Yellow false foxglove 
Yucca 

False dragonhead 



4. ABUNDANT 



Found in most regions in quantities. Most absent from Del- 
ta. Many classed as common or abundant are not in danger of 
extinction, but they should not be subject to wanton destruction 
for seasonal decoration, mass transplanting, or invasion by exotic 
plants used in soil erosion projects. (Kudzu) 

Ground nut vine Milkweed 

Huckleberry Smilax (trailing ground cover) 

Wild geranium Red or native cedar 



5. VERY ABUNDANT 

The following plants are not in need of protection at this 

time: 



Asters 
Coreopsis 
Evening primrose 
Morning Glory 
Mustard 

Queen Anne’s Lace 

Sunflower 

Vetch 



Blackeyed Susans 
Dandelion 
Goldenrod 
Mullein 
Pokeberry 
Sweet Clover 
Trumpet creeper 
Wild lettuce 



♦Very Rare 

**In danger of being completely destroyed. 

Ajcknowledgement is made to Dr. James D. Ray, Botany De- 
partment, Mississippi State University, and Mrs. Louise Gray of Green- 
ville, who helped compile this list for MISS GARDNER, official publi- 
cation of the Garden Clubs of Mississippi, Inc., from which this informa- 
tion was derived. 



BERRIED SHRUBS THAT WILL 
ATTRACT BIRDS TO YOUR GARDEN 

RED CEDAR (Juniperus Virginia) attracts Bluebird, Cardinal, Chipping 
Sparrow, Mockingbird, Robin 

DOGWOOD (Comus florida) attracts Brown Thrasher, Purple Finch, 
Robin, Towhee, Vireos 

HOLLY (Ilex opaca and others) attract Flicker, Robin, Thrushes 

BARBERRY (Berberis thunbergi) attracts Catbird, Chipping Sparrow, 
Thrushes, Junco, Song Sparrow 

BEAUTYBERRY (Callicarpa Purpurea) attracts Robin, Catbird, Tow- 
hee, Brown Thrasher, Bluebird, Mockingbird. 

BLUEBERRY, (Vaccinium spp.) attracts Bluebird, Brown Thrasher, Cat- 
bird Thrush, Mockingbird, Towhee 

HONEYSUCKLE VINE (Lonicera halliana) attracts Bluebird, Waxwing, 
Chipping Sparrow, Goldfinch, Purple Finch, Song Sparrow 
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EUONYMUS (Euonymus spp.) attracts Cardinal, Finches, Towhee, 
Brown Thrasher, Catbird. 

PYRACANTHA (Pyracantha spp.) attracts Cardinal, Robin, Catbird, 
Mockingbird 

SUMAC (Rhus candensis) attracts Bluebird, Finches, Robin 

VIBURNUMS (Virburnum spp.) attracts Bluebird, Waxwing, Flicker, 
Finches, Robin, Thrushes. 

VIRGINIA CREEPER (Parthenocissus) attracts Flicker, Mockingbird, 
Purple Finch, Robin and many others. 



To attract Seedeaters of the bird population plant: 
PRINCESFEATHER (Amaranthus hypochondriacus) 



LOVE-LIES-BLEEDING (A. candatus) 

ASTERS, ROCKPURSLANES, BLESSED THISTLE, CENTAjUREAS, 
CALIFORNIA POPPIES, COSMOS, MARIGOLD, SUNFLOWERS, TAR- 
WEED, FORGET-ME-NOTS, PRINCESPLUME, SAGALINE, PORT- 



ULACA, SILENE, ZINNIA. 

A(lso: MILLET, BARNYARD GRASS, FOXTAIL, CANARY 

GRASS. 



For Game Birds: ALFALFA, BEGGARWEED, BUCKWHEAT, CLO- 
VER, CORN, COWPEA, FLAX, HEMP, SUDAN GRASS, 



WHEAT, and SOYBEAN 



TREES: Alder, Birch, Ash, Boxelder, Elm, Pines 






To attract the Fruit-eaters, plant the following: JUNIPER, HACK- 
BERRY, BAYBERRY, THORN APPLE, FLOWERING APPLE, MOUN- 
TAIN ASH, HOLLY, VIRGINIA CREEPER, SOUR GUM, PERSIM- 
MON, SNOWBERRY, BUSH HONEYSUCKLE 

For Hummingbirds, plant any of the following: ABELIA, ALTHEA, MI- 
MOSA, AZALEAS, BEAUTYBUSH, BUDDLEIA, HONEY- 
SUCKLE, TRUMPET VINE, WEIGELIA 

HONEYSUCKLE (Lonicera spp.) attracts Catbird, Brown Thrasher, 
Mockingbird, Robin, Towhee. 
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DISTILLATION 



Experiment 4: 

INTRODUCTION 

Chemically pure water is often a requirement in chemical reactions. 
To prepare chemicaUy pure water it is necessary to evaporaje the TOter 
and condense the resulting vapors. This process is dmbUation. Distinar 
tion is used in the preparation of petroleum produi^, acids, alcohols, ^ 
many other products. There are some liquids which cannot be distilled. 



PURPOSE 

To prepare chemically pure water by distillation. 



MATERIALS 

600 ml florence flask, Liebig condenser or about 4 f t 6mm glass 

tubing, ring stand, ring, wire gauze, bunsen burner, one-hole stopper, 
ftmsiW beaker, copper sulfate solution, ammonia water, white vinegar or 

acetic acid, litmus paper. 



PROCEDURE 



1 . 



2 . 



3. 



4. 



The cla ss will be divided into three sections. 

Group A will prepare their solution by dissolving 5 grams of 
copper sulfate in 250 ml of distilled water. *iote the color. 



Group B will prepare their solution by diluting 10 ml of acetic 
acid with 240 ml of distilled water. Note the effect of the solu- 
tion on litmus paper. "V^te vinegar may be used for the acetic 



acid. 



Group C will prepare their solution by diluting 6 ml of a^onia 
water with 240 ml of distilled water. Note the odor of ^1^® 
monia gas as it escapes from the solution and the effect of the 
solution on litmus. 




5. Set up the apparatus as shown 
in the illustration. 

6. Heat the solution until it begins 
to boil. Keep it boiling slowly. 

7. Collect the distillate in test tub^. 
Collect for a period of two min- 
ntes in each test tube, remove, 
and replace with a clean test 
tube. 
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S- Continue replacing test tubes every two minutes until you have 
boiled the water for twenty minutes. 

9. Check the distillate. 

a. Group A — ^Use a watch glass over a beaker 1/3 full of boil- 
ing water. Evaporate a few drops of the first distillate to 
dryness. 

b. Group B — Check the distillates for odor and with litmus 
paper. 

c. Group C — Check the distillates with litmus paper. 

OBSERVATIONS 
Group A 

1. What was the color of the original solution? 

2. Was a color observed in the first distillate collected? 

3. Did a solid residue remain after evaporation of the first dis- 
tillate? 

4. How chemically pure was the water collected? 

Group B 

1. Describe the odor of the original solution. 

2. How did the original solution affect litmus paper? 

3. Which test tube of distillate, if any, did not affect litmus pa- 
per? Explain. 

4. How chemically pure was the water collected (distillate) ? 
Group C 

1. How did your original solution affect litmus? 

2. Which test tube of distillate, if any, did not affect litmus paper? 
Explain. 

3. How chemically pure was the water collected? 

FURTHER RESEARCH 

1. Activated charcoal is used to remove odors from city water 
supplies. Would boiling water in an open container produce 
the same results? If boiling water does remove odors why do 
cities not use this method? 
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What happens to the water? 

What is the difference in water level be- 
fore and after the test tube was added? 
Pour the sand on to a balance scale (Be sure 
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the principles used in design suci 
streamlining autos. 
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Films: “Galileo’s Law of Falling Bodies’ 
and “Forces”. See film list, item no. 28. 
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Observe the force of static and i^liding frio 
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Topics Vtiderstandings Suggested Activities 

100 lbs X I >1 = 80 lb. (12 
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PULLEYS 



Single Fixed Pulley and Single Movable Pulley 




1. Set up a system as in Fig. 

2. Record the amount of effort force needed 
to raise a resisting force of about 4.9 lb. 
(Remember to raise the resisting force with 
a slow uniform speed after giving it a slight 
start.) 

3. Record the distance the effort force moves 
in order to raise the resisting force 10 cm. 



Double Fixed and Double Movable Pulley 




1. Set up a system as in Fig. 

2. Record the amount of effort force needed 
to raise a resisting force of 9.8 lb. (approx.). 

3. Record the distance the effort force moves 
if the resisting force is raised 10 cm. 



OBSERVATIONS 

1. The ideal mechanical advantage of a pulley system can be easily 
determined by: 

b. 

2. Why is the efficiency of the pulley system not 100%? 

3. ’ If a person were holding a 50 Kg object by means of a single 

fixed pulley, how much work would he be doing? 

4. How far must the effort force move if the resisting force is 
moved 8 cm? Suppose you were using a single fixed and a dou- 
ble movable pulley combination. 

5. A block and tackle is found to raise a weight 3 m^ers when the 
effort force moves 15 meters. The effort force is 60 newtons 
and weight is 225 newtons. 

Note — ^Force (Newtons) = Mass (Kilograms) X a (Meters 
Per Sec .2 

a. The actual mechanical advantage is 

b. The ideal mechanical advantage is . 

c. The work input is 

d. The work output is 

e. Th-^ < fficiency of the block and tackle is 

6. Does a pulley system save work? 
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thermometer. The beakers 



Topics Understandings Suggested Activities 

should be weighed and water added to make 
them weigh the same. 
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Note that water is produced in each case. 

KNOs (potassium nitrate) and NaCl (sod- 
ium chloride) are salts. These compounds 
are ionic in nature. Water is molecular, (non 
ionized, except very, very slightly). 
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Topics Vnder standings Suggested Activities 

Use an illustration such as 
Potassium atom 



A 



1 



i 







Activities 



<fd 

OD 

CO 



!«5 



e 

•M 




§ S*bS?*^ 

S S ffdo-S 

-- o S *3 ^ 

rt o ^ <D 

8 fe^«M 053 

a ^'S°if 

S'gSsS 



— J A C|5 

ill-g-lls 



OS *5 “ 

SSgS^JS®* 



9\ 

*1 

» otf 'i^ % cS 



S-fl'- 
V go 
'o^’S 
Si'S C 
43 ^ o 3 
gqQ p< 



s-I ©'§-•§ 

&II' 

^ O m 

S H 0) "■ 

g 2 ^ 

o ®* ® 



09 

1 

S 

o>e^« 

'^2 

^•1 

•SB 

»s 3 i 2 

>1 

>>o 

'“I 

.2i 



-E^S . 
xC^'afioo 

« eC^ OJ 



, , 

l-s'^isi . „ 

s _ ^ w 



75 0 ) 3 

gfjaltx 



r?s 2 a 
S15:S 9 

rj %4 



0> 

•C? 



OS 

I 



o 

bo 

s 



S o S 

g»s ®* 



«l 

Is*^ 

•4 o> 

^5 



<H 

ns 



I 



S' 



4 ^ <u 
fl 



« o 

cog 
o s o 

f' 2 'Rl 



fi 

o 



Q> 



• »4fO O >>JQ 

i-SS'-§'®'| 

«5 * ? — <* 



•ts 

s’§r|| 1,2 

*“ n gH ^ 



fl 

|iS;g 
S'®4» u43 S-^ 

S’gg 5 ' 3 ' 5 | 




g-'O 

«H S p5 

* o g) 
oa^ o<p 

^ g..-S &'*«o'8 § 

® g g£ §^‘|^ 

&4 P«^ 001 ^O 



0 

1 

s 

p< 

1 

1 

JS 

o 



1 

*s 

.2 

§ 



S) 

0> 

c8 

1 

o 

|Z4 

PQ 



n 

1 

o 

*a§ 
ft s 



&< >< 



— 225 — 



o 



UnderataiMfiga Suggested Activities 



a 



I 





•&S ® 20 

•S S.g'S 

8 n 

^ ^ Ml-* « 

*tJ e8 ^ 3 
fl ^ ^ 3*0 

S c: 

*8 fi S S o 

0} 



O 00 

'dSgii 



. >4 — 

3^S£ 

'8-H§g 

s2Si 
i.gfg 

'§•2^ B 

is®:! 

'S'2'2 2 

SciSS 



I 

s 

g g 

® .2 



§ 

'4 



no 

oJJ* 

a" 

2g 

|« 

*§ 

H 



‘-S 

o 5 
*2 *0 
a ® 
!ti ^ 

•3 «»ii4 

•• s ^ 

g" § 
I'S •§ 

U .2 OQ 

S B *s 

h ^ 

<2 § •§ 

I 2 

§ «B 

.S^ g 

-SS I 

M o s 

Q 



•SH 

g 



I 

I 

'3* 



s s 1 



8 § 1 



pS 

•a 

*s 

S3 

•a 

A 



to 

Q 

•r^ 

^ 3 
^ cu 

W P*4 



03 



^S| 

^«‘4S 




— 226 *~ 



o 

ERIC 



Topics Understandings Suggested Activities 




I 

I 

bo 

.S 

OQ 

0 




Sell'S si SS 






Slag'S 

liilJl S ‘ 

fO ^ 






Vi 'OiS+aii OS'S 

«|'ga.sS€ia-3Sls« 



• • 

g 



I 

a 

H 





S:gs 

S’^’S 
al> bo 

•S'? 2 

’g|2S 

S’-§*s§ 

a] S| 

'3/5 0) t> 

^ Ji^ja 
S«5 

®* S §,£! 

|i|| 

>^.S 3 M 

II «l 



0) c] 

•i^ 



(3 

.3 

I 

« 

I 

I 

I 

i . 

a ^ 

. 

a> P« 

l! 

«s 



1 

a 

•3 

*8 

2 

a 

I 

1 



I"" 

•A QQ 
O CO 
CS 

*3 ft 
n 

g g 

o o 

OQ 

i« 

• 

I-&0 

2 o^ 

«S-Q CJ 
•M 

3 . 

s.g 3 

u « 



CO 

o> 



I 

I 

sis 






-s-8 

^ S $ 3'^ 
N ftiJQ Q 



45 



I'Sgl.g 

l•^l°’l 

|=§^fe‘S 

s|’gl|«j 

d o A ^ 



B 



u 



QQ 

Pft 



§1 

<g.« 



0) 

o 



e g o hmm j3 

«« "* bo»^,5 i 

« « CP'^.S 

BQ*S*S^ • C) 
*M OQ d) 

> ^ So ^ 

® Cjj fi d|JC3 

fta.-S2S' 



g 

'g 

• f 4 

I 

!■ 




& 

1 

s 

1 



^,0Q, «, 

III 

« § s 

§■3 2 . 
-S 28 .I 
M s'® o 

« O o 

<U ^ 
»4t5 > S 

o« Ig 

■ ;s q>»a 
43 OtH o 

?3$.-so 
2*^5 §r§* 

d*15 ^ 0) 

'gsga 

6 a'O.S 



2 9?'0 ^ “ns 

jd > 0} 0^ 

^ e H fi«w 

0) iS d V «M 
'O « ca,3'0 3 

§g|!;^® 



® S “ 



“•s - ^j’ii 



« >4 S^jlJ ^ V 

43 "ti ^ M ” ^ 

•tf ® Opg . oa^ 
^ ^ _4 3 H 343 

".■S.2 “ 2 g-g 
e8 3 fi g 

jd i^4j ft®* 

:t542'^ 8 a 0*2 

S *3 ^^30 

^•sia«*f *c 

':3 <h P f-f 



S 



- ®Jq^'S 

S'® -ja *3 «H 



“ s. 

I§'®lll® 

4^ S fit! o£12 

43^.2 S'® 2 8 

S'g-8 2'oga 

PQ^ 3 <h V o ^ 



ft**® 

III 

p gji 

g iJ'O 
343 V 

«* 2 fi 

|s? 

Sal 

<j5 BQ #• 

8(2 2 o 

CQ ^ fi 4J 

2*g3.S. 

*tfi-^'§43 
‘•g §3 

Z S ®*a ^ 

'§§'1® g 

WO<J ft m' 



I 

o 

§ 

o 

■o) 
p< 

s 

OQ 
0) 

'O 

•si 

^aa 

1^ 

fi 2 

73 4<J 

.§5 

CQp 



I 



I 

08 



'O 

fi 

C8 

I 

'O 



.8 

I 



fi 2 

rS ^ 



§ 

c8 

V4 

I 

1 



3 

o 



•rH 

H a 

^ 3 



Sp. 

I— < a 

H« 



- 228 - 




s 




I 



0 ) 






73 « h A 

O M 

Sill 

^ 3 m *y 
bo-H-+3 ® 

3 'A M Mt 

•ti <i) s 

a S '2 — 

O 




s S »•” 
»“ 2 » 
c3 -4^ 43 
F^jjj «n sQ 




.•, w C 3 

4 h S ^ 

^ 43 > 

S - - 'Sb'S 

3 a .s ° a 

'g.ti §1o-^ 

5 * m 3 ® 

-n^ 

la^s| 



CQ 



■S§ 3 § 







•| 



§ 

A 



fS 

43 



4 ^ 

QQ 



X 

0 ) 






CO 

•1 

I 

CO 

£ 



•3 



12 w 



•H'g 



« 



o»d 

‘S g, 
•SS* 
-2 2 
m’z 



€0 

*a 

o 

CN 



—229- 



I 



I 



o . 

ERIC 



i 



«« 

§ 

i 

Hid 



o o Pi 

.•H 

"S’C ^ f 3 

P 08 09 § 

0'S 00. 



*E|'s 

I 



6 ^ 
•ss 



5 



% 



^ 0) 
xn ^ 

c« S 



u 

PQ 



05 

.«§§ 

1 sii 

•43 

..0^1 

>^§!§ 

^ o -a 

§ S .^*c "S 

'Sl'Slg 

CQ S > 53 « to 

i| 

w -- 

*§ S 

e 

1.1 ri 

“1? 

•S-SS 




DO t> 
C5 ^ 
03 O 

.&g 

rO'd 

'v § 

‘^'d 
o es 

■43 g 

1.S 



®* ^ w* 

B 

■M*? 
40 g fa 

li! 

2 

M d § 

■§ g> ® 

scbo 

a g 

>-4 A*P« 

’3'rt 
T* ?S 

•§'S 

p S 



S| 



i 



|.S 

§) ^ 

d d 

s« 

I! 

• »>4 

bo-g 

•s| 

'§1 

ca o 

S M 



.& 



I 



S*^ 

08 



ca 

a 

o 



2 



g 



d o 



S 



<j5«h 

* O 

•pH ^ 

28 

S'S 

•s 
s 

13 o 

.S'8 

fa ^ 

O w 

lll 

2 ® o 

111 



1 

»«H 

I 

I 

'o 

P« 

I 



CQ 

2 

'S. 

S' 

g* 



A 

feiO 

rt'O) 

OJ^ 
H O 

P 

fi) d 

u S 

|« 

A<h 

i*“« o 

if 

II 

ll 

^.3 



e^ 



S S “ ” 
d 2 eS<^ ® 

®’|'3§§ 



P«CO >4^ 

s d 2 0 «S 
P 4 i 2 > *w 

«H "S H K 

O ^ ®3 

^S k 54 « S 

^.B’y S.2 



"S'! S 4 J 0 ) 

^'S « 



^.-•iS^Sl' 

^ > 4 **^ >4 0 *ft 3 

55 S oa.eS 

g)ft 43 -g 

o 8 *2 (u ^ 2 



c8 



►« "^3 s s e 

— ai , ji^ 09 H ^ 

^ S^'H! 



*s £’h s 2 

B g-^ 

<H S 08 SiS 

«:g 3 

i |iS 8 S 

^‘^2 § 8 ) 

•g C8 <S!S-§.fa 
2 ^ 2 gf 3'8 
oSp^o)*? 

CQ oS CQ 



gb{,g«§» 
«H ,543 »a 

•^»P 



«*« S I & P. 
S*S & 5=5 

ig ^ » 4 ^ 

•r* *^rG )4 09 

IM ^ QJ 53 .M - - 



c8 q; 
•fa M 
§« 

g'g 

,§i 

Sq'.§ 

>H»d 

•*^3 

.2^ 

^.a 

Ss 

•-S’! 

H 

0) S) 

H a 






a 

09 

• fiii4 

1 

s 

2 

I 

i 

r® 

H 



I 

I 



2 a 

o 

ll 

^1 

o 



:i 

I 

I 



— 230 -- 



o 

ERIC 






Topies Understandings Film : Electrochemistry — EB. See film list, 

XIV. Electricity in Motion 
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DISCOVERING ELECTRICAjL MEASUREMENTS* 



The story of the discovery of electricity is not only a fascinating story 
of the past, but it also describes the pattern of experimentation that even 
today sets the pace for modem research. When you wish to eiijoy 
occasional evening of good interesting reading, read in your school s li- 
brary books about some of the following early investigators of electocity: 
Volta, Oersted, Ampere, Ohm, Faraday, Henry, Gauss, Hertz, Edison, 
Fleming and DeForest. 

WHAT IS THE RELATIONSHIP OF CURRENT TO VOLTAGE? 



In the following experiments your teacher will 
use an electrical test circuit like the one shown 
at the right. 

a. Complete the test circuit by touching the 
clips together. Note the brightness of the 
blub, remembering that the brightness of 
the bulb depends upon the amount of cur- 
rent (electrons) that flows through the fila- 
ment of the light bulb. 

b. Now stubstitute a 1 Vt volt battery for the 6 volt battery. Again note the 

brightness of the bulb. ' 

c. What do you think this shows about the way current varies with the 
voltage? 

d. Is there a mathematical expression for this relationship? DISCUSS. 

I current (=) (is proportional to) 




WHAT IS THE RELATIONSHIP OF CURRENT TO RESISTANCE? 

Using the 6 volt battery in the test circuit, add a 1?. inch section of coiled 
nichrome resistance wire to one clip. Nichrome wire is used in not 
plates and toasters. 

a. Now take the other clip and move it along the resistance mre towards 
the other clip. Observe the light bulb and note how it varies with the 
amount of resistance offered by a greater or lesser amount of resis- 
tance wire in the circuit. 

b. What do you think this shows about the way current varies with the 

resistence? ’’ 

c. Is there a mathematical expression for this relationship? DISCUSS. 

! Current (=) 



OHM’S LAW ' 

A German physicist, George S. Ohm, in the early 1800’s, noted the rela- 
tonships that you have observed above and combined them into a single 
mathemtical expression or formula. Gan you also discover that formula . 
Try it! DISCUSS. 
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Current = 



UNITS: Current (measured in Amperes of current); Voltage (volts); 
and resistance (ohms). 

APPLYING OHM’S LAW 

Many electrical problems can be solved using Ohm’s Law. 

a. If you were designing an electric toaster that was to use a current of 
5 amperes and be used on 110 volt house current, how much resistance 
would the resistance wire have to offer? j 

ohms. 

b. What current is used by a lamp that has a restistance of 55 ohms and 

uses house voltage of 110 volte? amperes. 



Printed by Permission 

* Reference — “Investigations In Physical Science”; by Warren L. 
Strickland, Burgess Publishing Company. 
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Take the electricians blue print of a school 
or house and tell which are series and which 
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CONSTRUCTION OF AN ELECTRIC MOTOR 



An electric motor is a device used to convert electrical energy to me- 
ehanical energy. This device makes use of some common principles of the 
electromagnet. The field coil and the armature are electromagnets. Other 
parts of an electric motor are the commutator^ brushes, and frame. No- 
tice that the commutator and brushes are a specialized type of switch for 
changing polarity. If any difficulties arise, consult your instructor., 



To construct, operate, and study a simple electric motor. 

MATERIALS i 

6 meters #22 or #24 magnet wire, celloulose tape or plastic electrical 
tape, small pieces of wooden dowel, or small bore glass tubing, pins, paper 
clips, thumb tacks, rubber band, copper or aluminum foil for commutator 
strips, one large U magnet (must be strong), two to four 1% volt dry 
cells,, knife switch, plotting magnetic compass. ! 

PROCEDURE 




/rtoTot^ 



Measure off 5 meters of No. 22 or 24 magnet wire. Make a fold at 
the midpoint. Leaving about 5 centimeters for connection, make a coil 
by ^winding the wire around the first two fingers until the mid point of 
the wire is reached. Wind tape around this coil to keep it from unwinding. 
Wind the rest of the wire into a similar coil and tape it. Tape the two coils 
to a wooden stock (or glass tubing) as shown, one on each side for balance. 
Remove the insulation from the ends of the coil for about one inch. Cut 
two small pieces of copper (or aluminum) foil to serve as c/j^Mviutator sec- 
tions. Fold one of the coil ends into an S. place one piecf i - tiopper over 
it and tape it to the shaft. Do the same with the other enu, making sure 
that the two pieces of copper do not touch. Put a pin in each end of the 
shaft. Fashion bearings, using paper clips, so the shaft is mounted hori- 
zontally. Adjust it to swing freely and balance the coil, using small pieces 
of tape. Use two or more paper cUps for brushes as shown. Place a U-shap- 
ed magnet so that the armature will spin in the magnetic field. Connect 
two to four dry cells in series and attach them through a knife switch to 
the brush clips. Sometimes a spin with the fingers is neded to start the 
motor. The rubber band may be used to hold the brushes lightly against 
the commutator. •: 
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OBSERVATIONS 

After the motor has been run and is operating in good shape, open 
the switch. Reverse the XJ-magnet, pole to pole. Close the switch and ob- 
serve. Open the switch and reverse the connecting wires on the brush 
terminals. > 

Close the switch and observe. With the plotting compass, determine 
the polarity of the U-magnet and mark the poles with chalk. Remove 
the magnet. With the plotting compass determine the polpity of the 
armature coil. Rotate the armature one half turn and again check the 
polarity of the armature coil. Turn the shaft very slowly and notice the 
function of the brushes and commutator. 

Compare with motor in the diagram. 

FURTHER RESEARCH 

1. Can you think of some way to measure the speed at whch your motor 
operates? 

2. You might dsmantle a commercal eledfcrc motor and observe how it 
is the same and different from your simple motor. 

3. Is there a way that you could calculate the maximum power that 
this small motor might develop? 
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Solve problems pertaininsr to kilowatt hours 
of energy consumed by appliances; 
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(1100 ft/sec.), f = frequency) 

Student Activity:. Use a stretched rubber 
cord or coiled spring* to study the transmis- 
sions of wave characteristics. 
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Topics Understandings Activities 

5. From crystal to vacuum Historic Discoveries in Development of Ra- 
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Radio (continued) 
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electrical disturbance from which travels 
a radio wave in all directions. ' 
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strikes the flat end of the tube. This is syn- 
chronized with the scanning in the icono- 
scope. The electron beam is pulled back and 
forth by electromagnets outside the tube. 
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passing through the window, look straight 
down into the can. (The alcohol vaporizes; 
as it cools you have alcohol rain which falls. 
The tracks are curvy lines of the concentra- 
tion of these droplets of alcohol rain.) If 
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Understandings S\ggestcd Activities 
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Lenses and Light, Page 286 

Light and Color, Page 286-287 

Sound Waves and Their Characteristics, Page 288 

Resonance, Page 288-289 

Some Applications of Force, Page 290-291 

Using Forces in Liquids, Page 292 

Electromagnet, Page 292 

Parallel Circuits, Page 293-294 

Series Circuits, Page 295 

An Electric Motor, Page 296-297 

An Example of Fluid Inquiry, Page 297 

Rocketry, Page 297-303 

Activities Using Process Teaching, Page 304-307 

(1) The Siphons 

(2) Rate of Plow of Siphons 

(3) The Candle and Jar 

(4) Radiobiology 

(5) Effect cf Temperature on Bacterial Growth 

(6) Inhibition of Bacterial Growth 

(7) Measuring the Oxygen Consumption of a Small Animal 

(8) Inheritance of Taste Ability 

Demonstrations (106 different demonstrations) Page 308-317 
(See index to demonstrations.) 
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ELECTROLYSIS 



Electrolysis is decomposition by means of electrical energy. 

Decomposition of some compounds may be accomplished by means of heat. 
For example, Priestley, in 1774, decomposed mercuric oxide, using a lens 
to focus the sun’s rays on the red powder, according to the equation below. 

A 

2HgO->2Hg + 02 t 
(red powder) 

This method proves ineffective with a compound such as water. Hating 
water would serve only to convert it to the vapor state. Decomposition of 
water is possible, using an electric current. The equipment is shown in 
the diagram below. 




Direct current electricity is passed through the water. Oxygen gas O 2 col- 
lects at the positive terminal, hydrogen (H 2 ) gas at the negative. A small 
quantity of dilute sulfuric acid is added to make the water a better con- 
ductor of electricity. 



2H20-»’2H2 +O2 t 



This method of decomposing water is a good industrial water preparation 
of both gases, oxygen and hydrogen. The raw material for the process is 
cheap and easy to obtain. Electricity, the power needed, is also relatively 
inexpensive. These conditions are necessary for the success of any indus- 
trial process. 



If the reaction is allowed to continue until one test tube is filled with 
gas (H 2 ), the other test tube (contahiing O 2 ) will be half tests 

for these gases (a glowing splint for O 2 , careful igniton of the hydrogen) 
may be conducted. It can thus be shown that the volume ratio of the two 

gases produced from the decomposition of H 2 O is 2 : 1 • 

* (hydrogen) (oxygen) 



Examination of the test tube after igniton of the hydrogen will show a 
few drops of H 2 O. 



(ignition) 

2 H2 + O2 2H2O 
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The Chemical Nature of Matter 



Scientists are interested in matter and energy. Every chemical change 
is accompanied by an energy change. Is there a loss, gain, or no change 
in the amount of matter present as a result of a chemical reaction? This 
experiment will help to answer the previous question. 

1. Pour 50 ml of water into an Erlenmeyer flask. To the water add 
5 grams of barium chloride. Pour a small quantity of silver nitrate solu- 
tion in a test tube and lower this tube into the flask without spilling any. 
Stopper the flask as shown in the accompanying diagram. Weigh and then 
carefully tip the flask upside down so that the silver nitrate mixes with the 
bariam chloride solution. What do you observe? Is there physical or 
chemical change? The complete and balanced equation should read: 

2AgN03 + BaCla Ba (N03)2 + 2AgCl. 

2. Weigh the flask after the chemical change to see if there is a 
change in the amount of matter present. 




A Study of the Development of Modern Acid-Base Theory 

Use the historical approach, beginning with the earliest use of the term 
acid. (Perhaps the first acid known to man was acetic acid, found in vine- 
gar.) Boyle, Lavoisier, Davy, and others had their own ideas as to what 
constituted an acid. Throughout the years the term acid has meant many 
things to many people. Today, one has to specify what kind of acid he is 
talking about when he uses the term. It is an Arrhenuis acid, a Bronsted 
acid, et cetra? } 

Any good history of chemistry will provide material for the beginning 
study of this topic, which can then be developed into a long range, library 
research endeavor. i 

If this subject is pursued by the group as a v/hcle, perhaps some class time 
should be devoted to the development of an outline. If it is to be done on 
an individual basis, for extra credit, the student should be encouraged to 
develop his own outline, which could be submitted to the teacher for ap- 
proval before the writing of the paper actually begins. 



o 
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Heat and Temperature 

Perform this experiment to learn the difference between heat and 
temperature. Fill one beaker (A) with 60 ml of water, and ar;other beak- 
er (B), of equal size, with 200 ml of water. Take the temperature cf the 
water. Place each beaker on a tripod over a Bunsen burner, kee^hig the 
flames of the burners as alike as possible. Take the temperature of the 
water every minute for 4 minutes and record it in a chart. 

Plot your results on a graph, using a red pencil to record the data 
for beaker A, and a blue pencil for the data of beaker B. 

Compare the amount of heat added to each quantity of water. What 
happened to the temperature of each, beaker? What is the difference be- 
tween temperature and heat? (Temperature measures the average activi- 
ty of the molecules. Heat measures the average activity also, but takes into 
account the total number of molecules being heated.) 



Collections 

Collecting merely for the sake of piling things in a heap is far from 
scientific, but collecting can be an activity conducive to learning. If ob- 
jects collected are studied, classified, and appropriately displayed, the 
collection will prove helpful. 

Students should be encouraged to make collections on an individual 
basis and as a contribution to a group enterprise. 



Heat Energy Produced by Plant Respiration 

Germinate a cupful of beans, peas, corn, or other seeds. When they 
have begun to grow put them into a small Thermos bottle. Fit a labora- 
tory thermometer into the hole of a one-hole stopper and place the stop- 
per into the Thermos. Record the temperature at the beginning of the 
experiment, and again the following day. How has it changed ? Continue 
the experiment for another 24 hours and again record the change in 
temperature. How do you explain it? 

Control the experiment by placing dry seeds in a second Thermos 
and inserting a thermometer as before. 

WTiat do the results of the experiment indicate? 
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Open End Experiment 



Regeneration in Planaria 

Find some planarians by examining underwater logs in ponds or 
lakes. When you have found a log with worms, bring it onto shore or into 
the laboratory (keeping it moist) and submerge in a pan of water. Strip 
off the pieces of v/ood and the worms will usually come to the surface 
2 ind you can collect them in bottles. Note : you can also attract planarians 
by putting down a bit of meat tied to a string. ' 

When ready to cut the planarians you will find they are easier to 
handle if you add a few teaspoons of 1% Epsom salt solution to a collect- 
ing jar. Then place one of the anesthetized animals into a drop of water 
on a microscope slide. Cut the planarian across the middle with a sharp 
razor. Put each part into a separate petri dish of aquarium water and 
keep covered in a dark place. Change the water frequently. How soon 
do you observe changes? What happens to the tail part of the animal? 

If you wish to keep planarians for a longer time place them in jars 
that have been coated with black paint, or in opaque bowls. Change the 
water frequently, adding aquarium water when you do so. Feed the 
worms pieces of hard-boiled egg yolk and finely chopped meat, such 
beef liver about once a week. Remove excess food to keep the water 
clean. 

This might be carried on as an open end experiment testing environ- 
ment, and other variables on the growth of planaria. 

Extended Experiment 

Endocrine Glands and Hormones 

This experiment may be conducted to help see that growth regulators 
are chemicals. Collect 30 tadpoles of about the same age that have just 
begun to develop legs. Place 15 tadpoles in one jar. A, containing one 
liter of pond water. Place the remaining 15 in a second jar, B, containing 
two liters of pond water. Prepare a solution of 10 milli^ams of thyroxin 
dissolved in 5 milliliters of 1% sodium hydroxide. To this, add water un- 
til the volume of the solution reaches one liter. (This solution you will 
add to jar A only.) Add 25 milliliters of this solution to jar A, then add 
pond water until the volume of the liquid in the jar equals 2^Mters. Ke^ 
a record of the development of the tadpoles. Notice any difference ^ 
tween the tadpoles in the two jars. Each day place a lettuce leaf on toe 
surface of the liquid in each jar to serve as food for the animals. Be 
sure to remove the uneaten parts at the end of each day. Change the water 
if it gets cloudy remembering to repeat the addition of the chemical. 
(The tadpoles in Jar A would metamorphose more rapidly than those in 
jar B but would not grow as large.) Other experiments using other 
chemicals may be tried. Other animals may be substituted for the tad- 
poles. 



DETAILED STUDY OF A SPECIFIC AREA! 

This may be a small area of one’s yard, a small section of the school 
ground, or a wooded section. The choice is almost unlimited. 

The study should include: 

1 — a map of the area (drawn to scale) 
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2 — soil samples 

(a) taken at different depths 

(b) tested for acidity, organic content, organisms, etc. 

(c) classified as to type 

3 — ^plant life 

(a) classified (phyla,— species, variety) 

(b) displayed in poster form if possible 

(c) evaluated (economic, scenic) { 

4 — animal life (if any) 

(a) birds 

(b) insects 

5 — ^rainfall 

(a) drainage 

(b) water content of the soil 

(c) erosion ‘ 

6— time limitations (to be set by teacher and class) 

7 — ^records of observations 

(a) notebook 

(b) periodic 



Laboratory Report 

Early in the study of science a student should learn how to write 
a report on a laboratory exercise, project, or experiment. 

The following sample illustrates a form of 'writing which is accept- 
able. Technical Writing is a separate and distinct course, which the 
science student will encounter in college or industry. The form below is 
a modified version of that recommended by the authors of textbooks on 
technical 'writing. 

Note the divisions (problem, purpose, discussion, diagram, mater- 
ials, procedure, data, calculations, solution to problem). 

The personal pronoun iQ not used. Instead, the verb form is past 
tense, passive voice. 



LABORATORY REPORT— (SAMPLE) 
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AN EXPERIMENTAL ACTIVITY ON FORCE 
AND HORIZONTAL LINEAR MOTION 



A frictionless cart, well-oiled ball-bearing roller skate, or a dry-ice 
puck can be used to demonstrate many properties of motion, such as in- 
ertia of motion, force, friction, velocity, acceleration, and the effect of 
raass. The puck must be used on a glass surface •which is absolutely level. 
Such a surface is also best for the cart. The skate may be too heavy and 
hard for use on glass. $ 

Strobe photographs, using either standard camera with a time or 
bulb shutter setting, can be taken. These photographs provide^ visual rec- 
ords of the actual experiment and a means of d'^termining time factors 
from the motor speed of the stroboscope in rpm. tSimply divide by 60.) 

Using 1/^” paper tape with a bell timer clapping against carbon paper 
underneath the tape also gives a visual record. In conjunction with the 
stroboscope and camera a picture of the experimental device can be taken 
as it moves along the path of motion. A meter stick in the background, 
horizontal to the table surface, -will indicate the distance traveled. A 
slender pointer mounted on top of the experimental device is useful in 
measuring the di^ances accurately. 

When the more nophisticated timing devices are not available, a stop 
watch serves nicely. 

Directions for making the apparatus described above may be found 
in Figures 1, 2, 3, and 4. 

ACTIVITY Force-Mass-Inertia Measurements. 

Principles. 

(1) The inertia of rest can be overcome by a force. 

(2) An object, when set in motion by a force, wil tend to continue 

in motion. I 

(3) The time which an object will travel is directly proportional to 
the force, if the mass is held constant. 

(4) The distance which an object will travel is directly proportional 
to force, if the mass is held constant. 

(6) The time which an object will travel is inversely proportional to 
an increase in mass, if the force is constant. • 

(6) The distance which an object will travel is inversely proportional 
to an increase in mass, if the force is constant. 

Variations in force for linear motion may be had and controlled to 
some degree by the use of the sling-shot principle. A heavy rubber band 
or strong elastic stretched loosely between two ring stands clamped to eith- 
er side of a table (at least 2 feet from the end) with C-clamps will provide 
the force. Mark a line where the band reaches across the table. Tape a 
meter stick from the line to the end of the table for measuring force (by 
inference.) By tying a string to the cart or other vehicle, it can be pulled 
back selected distances, then cut to allow the force to act. 

(1) Weigh the cart and give it a small push •with the rubber band 
and record the results with the strobe or timer. Record the weight, time, 
and distance traveled. Then repeat the experiment by adding increased 
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measured force on the cart. Keep the weight constant for each trial. (The 
dry-ice puck is not usable without adaptation for adding weights.) Eecord 
the data for each trial on a table. 

a. Graph the data for force and time. Draw conclusions from the 
graph. What is the effect of force on time traveled*/ 

b. Graph the data for force and distance traveled? What is the effect 
of force on distance? 

(2) Select a measured force for the cart, and repeat the experi- 
ment, varying the amount of mass with each trial. Table and graph the 
data. Wat is the effect of mass on time, on distance traveled? 

Extended Activities. — X principle which holds true for one quantity 
(of mass, time, or distance) will hold true for proportionate quantities. 

Repeat each of the experiments for various forces and masses. Table 
and graph the data for each set of experiments. Draw conclusions for each 
set of experimente. Compaie the results of the various sets of experiments 
for a variable of force, for a variable of mass. 



*Film Strip of the Month Clubs, “Laws of Motion”, Teaching Guide 
for Filmstrips No. 608, New York: Popular Science Publishing Co., Inc., 
1961. 
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STUDY OF THE PENDULUM 



Problem j What effect does the weight of a pendulum and the length of the 
pendulum have on its behavior? 

Material: Upright support with extension 

100 gram weight and 50 gram weight or two balls of different 
known weights. 

String. 

Yardstick or meter stick. 



Activity Attach the 100 gram weight to the string and then by loop 
to the extension of the crossbar. i 



The weight should just clear the table top as it swings in an 
arc. Set the pendulum swinging in wide arc and note its height 
above the table so you can duplicate the arc as needed. 

Count the number of complete arcs the pendulum makes per 
minute. i 

Record results. I 

Shorten the arc and repeat as before. Record results^ 

Change the weight to 50 grams. 

Repeat the wide and small arc as done above. Record results. 
Record results on arcs of other weights if you have time. 

What effect did changing the weight have on the number of 
arcs per minute !\ 

Change the length of the pendulum and repeat the work done 
above. 

What effect does the change in the length of the pendulum have 
on the number of arcs per minute? 

What application of the pendulum principle do we have in 
everyday life? 

Conclusion: Based on the facts you recorded above, make a statement of 
fact about the relationship between the weight, pendulum 
length, and its arc. 

Check this statement against the findings of Galileo in regard 
to the pendulum. 

What part does gravity play in this actrdty? 
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Extended Experiment: 

a. Show the relationship of kinetic energy and potential ener^ 
and calculate the velocity of the pendulum at the midpoint of its 
swing. 

Facts In this Case: 

Potential energy=Wh (where W is weight and h is vertical 
height lifted) ' 

Kinetic energy=i/^ W/g V* • 

The velocity, V may be found by equating the two formulas, 
(transfer of energy). 

1/2 W/g V2=Wh 

h 

V2=— 

V2g 

v=v^ 

Knowing g as 32 ft/sec^ or 980 cm/sec^ the velocity is readily cal- 
culated. ' 

Further exercise — Could the velocity of a bullet fired into and imbedded 
into a wooden pendulum bob be determined? How? 

b. The pendulum formula, T=2v\/l/g is sometimes used to calcu- 
late the value of gravity. Determine the period of oscillation (T) of a pen- 
dulum; measure the length from the center of gravity to the point of at- 
tachment and sole for g, the value of gravity. 

Note— An oscillation is the complete swing away from and back to 
the highest point. 
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THE PATH OF THE SATELLITE 



Maps which show the paths of satellites show them in a spiral pat- 
tern. Why? The activity described will help you understand the reasons 
for the steange path of a sateUite. 

1. Examine the drawing and collect the materials that are shown 
and arrange them as they appear in the diagram. 




3. While the ball is still orbiting the earth, turn the earth from 
west to east While the ball is still orbiting, try to rptete t^lobe from 
west to east at about the same speed as the ball is orbiting. What kind of 
path does the satellite trace over the surface of the globe? 

Analyze the reasons for the apparent ‘variable’ path of a satellite. 
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SOME PROBLEM-SOLVING ACTIVITIES 
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‘Adapted from experiments in the Sourcebook for Physical Sciences, p. 250, and Amsco Review Text in Chemistry, 

p« 199* 
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USING SOLAR ENERGY 



On a sunny day turn a concave reflector toward the sun and determ- 
ine the location of the point where the parallel rays meet as shown in the 
accompanying picture. It is usually found at a distance from the center 
equal to one-lmlf the radius of curvature of the reflector. This point is call- 
ed the focal point. Fill a cup, which has already been painted black, with 
water. Record the temperature of the water. Set the cup in the ring sup- 
port and position it at the focal point as illustrated in the second picture. 
After several minutes, record the temperature of the water. Is there a 
change? How could this be improved to give more heat? Could it be made 
a practical source of energy? Try to tnink of a way to convert this to other 
forms of energy. 





MIRRORS AND LIGHT 

Problem : How does the behavior of light rays differ when the rays strike 
curved surfaces? 

Materials: Aluminum foil , 

Piece of styrofoam about 12 by 8 inches 
Several small mirrors 
Beaker or other cylindrical form 
Piece of plain paper ... no lines 

Activity: Fold the foil several times to make a firm rectangle about 
1 by 3 inches. 

Curve the foil by pressing it against the sides of the cylinder. 
Set the foil on the paper and turn it toward the sun or other 
source of light. Tilt the paper slightly toward the light 

SOUl^CCt 

Find the point at which the rays come together. 

Explain what happens. 

Now turn the curved foil around, reversing its previous posi- 
tion. 

What happens when this is placed in the light path? 

Make a sketch of each position and show the light rays with 
lines. 

Take the small mirrors and arrange them in a concave curve 
in the styrofoam pressing down on them lightly to embed 
them in the foam to hold them upright. 



O ' 

ERIC 
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Expose this arrangement to the light and sket(* fte 
Reverse the arrangement to convex and repeat the activity. 

Sketch the results. ' « . . . i.„ 

Write your conclusion in the form of two statements. 

Extra activity: Repeat, using straight lines instead ol curves. Compare 
or contrast the results. 



LENSES AND LIGHT 

' ' i 

Problem: How do lenses alter light rays? 

Materials: Microscope slide, light wire loop about diameter) 

Water 

Erlenmeyer flask 

Glass bead or marble (clear) 

Concave lens and convex lens^ 

Object to be viewed (Newsprint or a dime) 

Activity: Place smaD piece of newsprint or a dime under a microscope 
slidi^ 

firSf ?f "t?KdT ovl^M 

^hS“ drf^fwater on the wire loop and looking at 

Place amourt of water in the flask. Stopjmr tte 

Observe the newsprint or other object through the flask held on 

WYoitlt^Z '^Kr^SghM^ble or glass bea^ 
^ does this differ from previous observation through 

Now ISlrve the obj^ you are worki^ with fte 

concave lens and the convex lens. Describe what you 
Whl^h^f the lens would a near sighted person need to cor- 

rect his vision? 

Research: What is the meaning of the word focus? 

Make a sketch of the eye showing, 
one nearsighted. 

Wow'is^foctB^concerned with near and farsightedness? 



light and color 

study how this visible radiation is related to color. 

T?«i. +>iP acHvitv YOU will need these materials : a strong light source ; 
For the acttviW you giightly larger than the lens of the pro- 

KT.: iSS i ■!£ 

SffSSSfii SJi. .m .«i t. .rt, I. . ™« a»i 

can be darkened. a* *a 

Arrange the equipment as indicated in the diagram (For activity 
1 no W should be used.). ‘ 
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1. Darken the room, then turn on the projector, focusing the beam 
of light on a wall on which you have fastened a large sheet of white pa- 
per. Insert one of the prisms in the beam of light and move until a clear 
color spectrum can be seen on the white surface. 

2. Hold the second prism about six inches from the first prism in 
the light that is transmitted by the first. Adjust the position of the 
second prism until a beam of white light falls on the white surface. 
(The two prisms are placed in such a manner that they are similar to 
a thick piece of glass with parallel faces). What happens to the beam 

of light? 

3. Remove the second prism. Then adjust the first prism so that 
a clear spectrum appears on the white surface. Insert the colored filters, 
one at a time, between the light source and the prism. Observe the ef- 
fects on the spectrum. Place all the filters in between the light source 
and the prism at the same time. What do you observe? 

4. Again adjust the prism to produce a clear spectrum on the white 
surface* Now hold each piece of cloth or paper, one at a time, in each 
of the colors of the spectrum. Observe the color that each sample of cloth 
or paper appears to be. Be sure the samples are pure colors not mixtures. 




SOUND WAVES AND THEIR CHARACTERISTICS 

In this activity you will “draw pictures” of wave patterns produced 
by using three different tuning forks. Use cellophane tape to secure the 
wire and set up as in the accompanying diagram. 



Wav9 pattern 
rrom 

vibratino v^ire 




Smoked glass 
plate 




Smoke six small glass plates, about 4 inches square. This can be 
done by holding the plate close to a candle flame. Hold the glass with 
gloves or tongs. 

1. Gently strike the fork, causing it to vibrate. Hold one of the 
smoked glasses in a stationary position under the wire on the fwk, so 
that the wire vibrates against the glass, drawing a line on it. Repoat 
the same procedure, this time striking the tuning fork harder and holding 
the glass in a new position. 

Repeat this procedure with each of the remaining forks. Summarize 
your observations. 

2. On each of the remaining smoked glass plates, draw a straight 
base line with the point of a sharp pencil. Strike one of the tuning forks 
that is still attached to the clamp. This time place one end of the glass 
under the wire, and draw the glass rapidly toward you but at a constant 
speed. The vibrating wire should then make a wave pattern similar to 
the one shown in the accompanying diagram. 

Repeat the procedure with each of the three tuning forks. Make 
sketches of the wave patterns that result. 



RESONANCE 

To study the effects of resonance place one end of a hollow glass 
tube in a 4000 ml beaker of water. Strike a tuning fork that vibrates a,t 
256 vibrations per second on a rubber stopper. Hold the vibrating fork 
above the open end of the tube as shown in the accompanying picture. 

Raise and lower the tuning fork and tube together. Notice the point 
at which the sound is much louder. Measure the length of the air column 
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in centimeters at this point. Determine the wave length (use 1100 feet 
per second as the velocity of sound in air) and record these figures in a 



chart. Wave length = Velocity/Number of Vibrations — — — etc. 

266 

Repeat the experiment with tuning forks of several higher frequencies. 
What happens to the length of the air column when tuning forks of dif- 
ferent frequencies are used? In each case, what relationship do you no- 
tice between wave length and the length of the air column? 



SKIDDING CARS. Should automobiles, with two~wheeled orakes, 
have these brakes on the rear wheels? Most people believe that they should 
be. The car illustrated may be used to show that this is not true. Each 
wheel is mounted independently and is held in place by a wing-nut on 
the outside end of the axle. The nut may be adjusted so that the wheel 
either runs freely or is rigidly clamped. (See drawing below.) 

The car is permitted to slide down an inclined wet board. If the rear 
wheels are clamped the car reverses itself and slides down rear end first. 
If the front wheels are clamped the car slides down without skidding. 



1100 





SOME APPLICATIONS OF FORCE 
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The simplest explanation, ^sume the car is travelling in the direc- 
tion of the arrow V but starts to skid. The free-wheeling end tends to go 
in a direction peipendicular to the axle— shown by the arrows on the 
figure below. The locked end tends to continue in the direction of V. 




MOVING FLUIDS. BernouWs principle applies to fluids (air) in 
motion. Accordingly to this principle — at a point where the velocity is 
high, the pressure is less than at a point where the velocity is low. 

^rhis principle is used to explain the curving of a baseball. The curv- 
ing ball may be illustrated with the simple equipment shown below. 

This equipment is made by gluing felt to the outside of a mailing 
tube. One end of a cotton tape is attached with scotch tape to the tube 
and wound around it. The other end is tied to a meter stick. If the 
meter stick is swung like a baseball bat the tube is thrown forward and 
curves upward, making a complete loop. 




SURFACE TENSION. A rather graphic demonstration of sjirfaee 
tension is shown in the drawing on the next page. Two small horizontal 
thin wooden sticks are joined by a pair of threads. If this is dipped into 
a soap solution and removed, it t^es the position shown. Some may 
like to think of this as showing that a free surface acts like a stretched 
meihbrane but it is perhaps better to think of it as showing that bodies 
tend to acquire minimum potential energy. 
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Since molecules in the surface of a liquid have more potential energy 
than those in the interior, decreasing the surface area decreases tWs po- 
tential energy. However, raising the lower stick increases the potential 
energy of the stick. The final position represents the minimum total po- 
tential energy. 

' INDUCTION MOTOR, Many students are surprised to learn that 
there are no electrical connections to the rotor of an induction motor, 
A model of a two-phase induction motor is illustrated in the drawing to 
the right. Two coils, one horizontal and one vertical, carry alternating 
current.. 

Placing a condenser in one of the lines produces a phase difference 
of almost 90 degrees and a rotating magnetic field. If a coffee can 
mounted on a spindle is held in the field it will rotate like a rotor in an 
induction motor. 








TORQUE, Torque is defined as the product of a force and its lever 
arm. If a body is in equilibrium, the sum of the clockwise torques w equal 
to the sum of the counterclockwise torques, (See helow.) It is not surpris- 
ing that a pair of one-kilo^am weights produce equilibrium when placed 
on the platforms which are spaced equally distant from the fulcrum along 
the horizontal member. 



Many students are surprised, however, that equilibrium is maintained 
when the left-hand weight is moved to the lower platform. 

A spool and cord may also be used to demonstrate the ^inciple of 
torques. Having fastened one end of the cord to the spool, "wind 7 .. arojmd 
the spool. Whether the spool rolls to the right, rolls to the left, or slides 
without rolling when the cord is pulled depends upon the angle at which 
the cord is held. 





USING FORCES IN LIQUIDS 



This experiment is to see if water pressure is equal in all directions 
at different depths by testing a sample with a manometer. 

Attach a piece of U-shaped glass tubing to a wooden support with 
three nails as shown in the picture. Stretch a piece of thin rubber sheet- 
ing over the mouth of a long-stem funnel and secure it with string. Pour 
colored water into the U-tube until it is half filled. Attach the funnel 
to the manometer with a piece of rubber tubing. Push the funnel into a 
pail of water. Watch the manometer. Measure the pressure just below 
the surface and then at the bottom of the pail. At each level turn the fun- 
nel upward and twist it sideways. Does the pressure change with depth? 
Is water pressure equal in all directions at any one depth? 




ELECTROMAGNET 

INTRODUCTION 

This experiment involves an electrical circuit including a switch. 
Be certain that the switch is open when the circuit is not in use. This is 
a low resistance circuit and if the switch remains closed for any length 
of time it will completely discharge the battery. 

PURPOSE > 

To construct and study a simple electromagnet. 

MATERIALS 

#22 insulated copper magnet wire, large nail or soft iron rivet, small 
pile of •% inch flat head brad nails, two IV 2 volt dry cells, connecting 
wires, knife switch, magnetic compass needle. > 

PROCEDURE 

1. (A) Wind 25 turns of magnet wire on the soft iron core. Con- 

nect the electromagnet in series with the knife switch and 
one dry cell Momentarily close the knife switch and pick up 
as many brads on the end of the core as possible. Open the 
switch. Count and record the number of brads. 

(B) Wind 25 more turns on the core (50 in all) and repeat the 
procedure as in 1-A above. Record the number of brads lifted 
by the core. 
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2. (A) Repeat #1-B above (50 turns) by using two volt dry 

cells connected in series as an electromotive source. Record the 
number of brads now attracted to the core. 

(B) With the magnetic compass needle, determine which end of 
the electromagnet is a north pole. Change the direction of 
the current through the electromagnetic coil by reversing 
the battery connections. Again determine the north pole of 
the electromagnet. 

3. (A) Slip out the iron core from the electromagnetic coil so that the 

electromagnet now has an air core. Attempt to pick up brads 
by using the electromagnet now with an air core. Record the 
number of brads attracted. 

(B) By using the magnetic compass needle, determine the north 
pole of the air core. 

CONCLUSION 

1. What seems to be the relationship between the number of turns 
of wire and the strength of the electromagnet? 

2. By increasing the voltage of the source as it is connected to 
the same length of wire, or resistance, and observing Ohm|s 
Law, what quantity have you increased in the electromagnetic 
coil? State how this electrical quantity is related to the strength 
of the electromagnet. 

3. What is the effect of the core material on the strength of the 
electromagnet? 

4. Make a statement about the relation of current flow to polarity 
of the electromagnet. 

FURTHER RESEARCH 

1. What effect will be observed by using other materials such as 
core materials; copper, brass, wood, etc.? 

2. What effect will be observed by making a “short faf coil on 
the end of the core as opposed to a long thin coil? 

3. What effect would be observed by using a hard steel bolt for a 
core rather than the soft iron rivet? 

4. What would happen to an electromagnet if half of its coil had 
reversed windings? 



PARALLEL CIRCUITS 



INTRODUCTION 

Read the safety precautions on the use of meters, switches, and care 
of equipment before proceeding on the experiment. 

PURPOSE 

To study the relationship between current, voltage, and resistance 
of resistors connected in a i>arallel circuit. 
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MATERIALS 

Copper wire #20 insulated, knife switch, 2-1 volt dry cells, a 
D. C. voltmeter — (0-5 volts), a D.C. ammeter (0-1 amp.)> 3 flashlight 
bulbs as resistors, 3 bulb sockets. 

PURPOSE— To study the relationship between current, voltage, and re- 
sistance when resistors are connected in parallel. 

PROCEDURE 

1. Connect three bulbs and a battery of two dry cells in parallel. 

2. Connect the ammeter and knife switch in series between the 
battery of cells and the first resistor. 

3. Unscrew the two bulbs farthest away from the battery. Close 
the switch and record the current flow through the ammeter. 

4. Repeat this procedure and ammeter readings when two bulbs 
are lighted, r.nd finally with all three lighted. Record the cur- 
rent flow in each instence. 

5. Repeat the above procedure, but measuring the volta^ across 
each lamp, with the first bulb lighted, then two, and finally all 
three bulbs lighted. 



TABULATION 



Calculated 

No. of resistor Voltage Amperage Resistance 



1 RI 1 \ 


] 


1 RI + R2 1 1 1 




I RI ;-f- R2 R3 I i 


1 



OBSERVATIONS AND CALCULATIONS 

Calculate by the use of Ohm’s Law the resistance of Ri, Ri + Rz> and 
Ri + R2 Rs. Record the calculated resistance in the last column of 
the table. 

Make a drawing of this circuit. 



CONCLUSIONS 

What is significant about the voltage across a parallel circuit? 

How does the total resistance of a parallel circuit change as the 
number of resistors is increased? 

FURTHER RESEARCH 

1. If all three lamps are lighted in the parallel circuit, can you pre- 

dict the voltage that would be measured across the first, second, 
and third resistor? ! 

2. What would be the effect of using three different sized resistors 
in the parallel circuit? 

3. What amount of heat is liberated by different sized resistors in 
parallel? 

4. Can you predict the effect on resistance caused by using combin- 
ations of resistors in both series and parallel? 
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SERIES CIRCUITS 



INTRODUCTION 

Read the safety precautions on the use of meters, switches, and 
the care of equipment before proceeding on the experiment. Remember, 
have the switch closed only while you are determining voltmeter and 
ammeter readings. Keep the switch open at all other times. 

PURPOSE 

To measure the resistance of resistors connected in series and the 
total resistance of the circuit. 



MATERIALS 

Copper wire #20 insulated, knife switch, 2-1 volt dry cells, a D.C. 
voltmeter (0-5 volts), a D.C. ammeter (0-1 amp), 3 flashlight bulbs as 
resistors, and 3 bulb sockets. 

PROCEDURE 



1. Connect the two batteries — to + which is in series, then connecting 
the three bulbs, knife switch, and the ammeter forming a complete 
path. 

2. Place the voltmeter across the terminals of the first bulb and close 
the switch. Read and record the readings in the table. Open the 
knife switch; 

3. Move the voltmeter across the terminals of the second bulb, close 
the switch long enough to take meter readings. 

4. Repeat for the third bulb. 

5. Open the switch and place the voltmeter across all three resistors, 
on the outside terminal of the first and third bulbs. Close the switch 
and record the readings in the table. 



TABULATTION 

Calculated 



No. of resistor Voltage Amperage resistance 



I R1 


1 


1 


R2 1 1 


R3 1 1 


R4 


' 


1 1 



CALCULATIONS AND OBSERVATIONS 

1. Find tho resistance of each bulb by use of Ohm's Law. 

2. Find the total resistance of the circuit by use of Olun's Law. 

3. How does the voltage in each resistor compare? 

4. How does the sum of the individual voltages compare with the 
voltage across all three? 

5. How does the sum of the resistances compare with the total resis- 
tance? 

6. Make a drawing of the circuit using the necessary symbols. 
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CONCLUSION 

1. Make a general statement about total voltage in a series circuit. 

2. Make a general statement about total resistance in a series circuit. 



FURTHER RESEARCH 

1. What is the effect of different size resistors in series on voltage and 
current? 

2. What is the effect of different material as resistors in series? 

3. What is the effect of the length and the cross-sectional area of dif- 
ferent materials as resistors in series? 

4. What is the heating effect of resistors in series? 



AN ELECTRIC MOTOR 

You will need: a board about 8” x 10”; three 6” nails and one 5” 
nail; two smaller nails and screws; test tube; insulated No. 24 copper 
wire; 2” cork; two strips of sheet copper. 1^/^ x 1’ ; electricians tape; 
one or two dry cells. 

Armature. Drill a small hole through the center of a board and 
drive a 6” nail through it. Turn the board over so that the nail nses 
from the lower side. Drill a hole through the 2” cork and for^ a 5 nail 
through it. Wind about 40 turns of wire onto each end of the 5 nail, 
follo^ng the diagram carefully. Note that the dir^tion of winding on 
the head end of the nail is opposite from that on the point end Leave 
five inches of wire on each free end. Strip the insulation from the ends 

and scrape the tips. 



Armahir* 

40 turns - . 

each pole mognet 




Brushes 



Commutator 
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. . out the cork neatly, so that the closed end of the test tube 

just fits. Insert the test tube. 

Field ma^ets and brushes. Wind 100 turns of wire on each of the 
two 6-inch nails, clockwise on one, counter-clockwise on the other. Drive 
nails into the base 5^ inches apart and equally distant from the center 
nail. Drive two small nails into the board, diagonal!/ from the line con- 
necting the large nails and each 2” from the center. Strip the free 
ends of the wires and wind them several times around the small nails 
leaving ends. Arrange the scraped wire ends so that they touch the cen- 
tral nail. These are your brushes. 

Commutator: Wrap the two strips of copper around the open end 
of the test tube. Trim if necessary so that *here is about one-fourth gap 
between the ends, on each side of the tube. Punch a small hole in each 
strip and attach a free end of the armature winding. Then bind the 
stnps into position on the test tube with adhesive tape, top and bottom. 

Assembly. Set the test tube carrying the armature into position on 
^e cei^r spike. Bring the brushes into contact wdth the commutator. 
Connect the long free ends of the field magnet windings to the poles of 
one or two dr> cells and give the armature a slight push. It should re- 
volve rapidly. If it does not, check your windings and make sure they 
follow the diagram. You may find that a slightly different position of 
brushes will help. Holding them always parallel, try different angles 
while a classmate spins the armature. 



AN EXAMPLE OF FLUID INQUIRY 
Topic : Rocketry 

Understanding being discussed at the time of the situation: When a 
rocket is being launched, it has to ‘overcome’ the force of gravity and the 
resistance of the air through whidh it travels. 

I. State an answerable problem: Previous study, displays of rocket 
models, bulletin boards with charts or rocket trajectory, etc. will 
stimulate interest and initiate questions such as: 

A. Why are rockets not shaped like airplanes? 

B. Why are airplanes not shaped like rockets? 

Cj Why are some rockets needle nosed, some like ice cream cones? 

D. , Why not make them like flying saucers? 

E. Some satellites are ball-like, why aren’t rockets? 

Show the students through guided discussion that these questions 
are unanswerable in the manner in which they are stated. It can 
be proposed that the prime question would be: “Why are rockets 
shaped like they are?’’ Of course someone will probably say: “They 
work better that way.’’ To this another student will retort: “How 
do you know?’’ Then the possible comment of: “What way are you 
talking about?’’ At this point it would be wise to narrow the field 
of discussion into a hypothesis. 

II. State hypothesis that can he tested: Analyze the questions as con- 
tributed above from the standpoint of what could be practically 
tested in the classroom environment. Many side issues will arise 



but can be guided into establishing hypothesis: Shape of the nose 
cone effects the launching of rockets. 

III. Introduce the term ‘‘assumption** to your students as compared to 
the term “fact.” Test the discussion which has occurred separat- 
ing facts from assumptions. It will be found that you are assum- 
ing: That due to your past experience you hold certain shapes to 
be used on nose cones of rockets. (Existence of models in class- 
rooms or pictures is literal proof of this.) Establish that we are 
dealing with the fact: that we know from the laws of motion that 
shape is involved in overcoming air resistance, 

IV. Plan to test: Students can draw on the board the suggested shapes 
which might be used and narrow the selection to three: Ice cream 
c^e shaped (slightly flat on top), moderate nose, needle nose. 
This leads into : “What are we going to use as the rocket body?” 
followed by: “How are we going to propel it?” Eventually balloons 
can be selected as the vehicle. This leads to: “Round badoons, 
twisted balloons, or long balloons?” The logical selection will be 
the long balloons. Questions will arise (and if they do not the 
teacher should inject them in suitable places) concerning the (1) 
length and diameter of the inflated balloons to be used kept con- 
sistent (2) effect of adding a cardboard cylinder to the mouth of 
the balloon to simulate real rocket control of the escaping gas 
and (3) the assumptions which will necessarily become a part of 
the set-up concerning the age and material of the balloons used 
in multiple. 

Nose cones \dll have to be established to be constructed of tag 
board or similar material. These cones present the problem of: 
“How will we hitch them on to the balloons?” Masking tape, 
Scotch Magic tape, adhesive-all may be suggested and the end de- 
cision may vary in different schools. A guide control system is 
now in order. This can be tossed around and finally established 
similar to Figure 1 on the attached sheet. Note that here are shown 
factors which the students or teacher must expand to more nearly 
simulate the real conditions of atmospheric characteristics; name- 
ly; the fan to increase air resistance, and movement as involved 
with s^ed, etc., and the slant to^ the string also contributing to 
the resistance as well as reinforcing the trajectory pattern. 

At this point the teacher has a natural lead into some exploration 
and learning about statistical data as a part of testing. A chart 
can be worked out by the students to record the data from the 
test flights similar to the one shown in Fig. 2 on the attached 
sheet. To record this, three teams of two students each should 
deal with time and distance measurement. The number of experi- 
mental launchings should be stressed as good scientific procedure 
since every good scientist accepts only evidence based upon a 
number of observations. As much control can be planned as the 
students c,nd teacher find necessary or practical in the environ- 
ment. 

V. Conduct experiments: Conduct the experiments as planned in mul- 
tiple (four launchings to each nose cone). Be sure to maintain 
standard controls. It may become necessary to modify the guide 
system. (For example, the fan may offer too much resistance or 
the angle of the line may not be compatible to the rockets or air 
pressure or the length and diameter of the rocket body, or the 
construction of the rocket nose.) It is good for the students to rea- 
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lize that their teste may not run smoothly and that this is part of 
conducting scientific inquiry. Be sure that the students realize 
the value of “average” figures on the test results in correcting 
some variables, as well as the value of having teams of students 
recording a control on variances in observation due to the “human” 
angle. 

VI. Observe accurately and objectively: Furnish the students with 
mimeographed outlines of the chart set up for recording and have 
each record the data ^ it is obtained. It would be well to have 
eadi student also write down any additional observation that 
he makes on the experiment and these will be collected for use 
in summarizing the findings. Stress the importance of being sure 
you saw what you report and avoid the “assumptions” or exten- 
sions of imagination. Previous to conducting the experiment set- 
tle on the units to be used in mathematical data ; metric or other. 
This should be consistently followed so that all records will coor- 
dinate. 

VII. Organize data and construct generalization: The crucial point in 
teaching the value of statistical data in testing will be at this 
point in the inquiry. Here the data can become “live” and mean- 
ingful according to what the teacher does with it. Chalkboard 
summaries of the data in form of graphs done in color giving 
time and distance coordinates, overhead projector graphs, and 
illustmtions of the numerical differences are a few ways to high- 
light the data. 

VIII. Apply generalizations to hypothesis: After organizing the data, 
help the students examine it for generalizations. (Discuss the dif- 
ference between a hypothesis and a generalization). Possibly the 
only generalizations would be: (a) that there is a noticeable rf- 
fect of shape on launching, or (b) the results are inconclusive. If 
the latter is the case, hold an open discussion as to “why.” This 
will point out the error and possibly the revision necessary. It 
could lead to a realization that newer or more valid line of in- 
quiry is indicated, ^tually placing the generalizations and hy- 
pothesis side by side on the board will make it easy for the stu- 
dents to arrive, or be led, to the desired end. 
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ANOTHER EXAMPLE OF FLUID INQUIRY 

(The following example of problem solving approximates the situation 
of the scientist. It is designed for a classroom situation *n which more 
than one approach is used. Refer to Methods of Science (Skills in the 
Processes), 7th grade, for a general outline. 

From class discussions, questions regarding atmospheric pressure 
will arise. Some of these questions might be as follows; 

Why does the air have weight? 

Why don't I feel air pressure on my body? 

./hat is a vacuum? 

Such questions should be written on the chalkboard and analyzed. Out of 
this should cone an answerable problem. For example, 

1. Problem—to show that air has weight and thereby exerts pres- 
sure. 

2. Hypothesis ; Air is material that occupies space and has weight. 

3. Write out hypothesis on the chalkboard and point out the follow- 
ing assumption: We assume that air is matter. If it is not we 
shoidd be unable to prove the hypothesis by this method. If we 
can prove that air occupies space and has weight, then it satis- 
fies the hypothesis, thereby answering the problem. 

4. Through discussion, have students suggest investigations and/or 
, experimente which will test the hypothesis. Examples follow; 

a. Use an air thermometer (simple form) or a Florence flask 
with a one-hole stopper through which a glass tube about 
one foot long is inserted. Invert and arrange so that the 
tube extends into a beaker of water. Apply heat to the 
flask for a number of minutes. After sufficient air has 
escaped, remove the beaker, plug the opening in the tube 
with soft paraffin, and remove the heat, in that order. Al- 
low to cool, then weigh. Remove the plug and weigh again, 
remembering to weigh the plug along with the flask. The 
experiment may be repeated for enrichment, this time al- 
lowing the flask to cool while the tube remains in the 
beaker. This will show the approximate volume of air ex- 
pelled in the process and will demonstrate that since air 
could not return to the flask, the water took its place. 

b. Do the varnish can experiment found in almost any text. 
(Do not use duplicator can from office without sufficient 
rinsing.) 

c. Plac.e a yard stick on a table with about half of the stock 
extending beyond the table edge. Place several layers of 
newspapers spread out over the end of the stick on the table. 
Strike the end of the stick extending with a hammer. It 
should break clean and quickly. Measure the paper, mul- 
tiply by 16 (Ib/in*) to find force exerted on the stick. Re- 
peat, using the same paper, wadded or rolled up in a ball. 
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d. Boil water in Florence flask at less than 212 F. Bring H 2 O 
to boil. Cap with a stopper inserted with a thermometer. 
Cool flask slowly under running water. Note temp, at which 
water boils again. 

6. Perform the above experiments, recording any and all observa- 
tions. ^ 

6. Have students interpret their observations, such as, 

a. bubbles rise — air is coming out 

b. difference in weights— air has weight 

c. sound of air may be heard when unstoppered — air is re- 
turning 

d. steam escaping — can contained air^ and water before boil- 
ing and a less dense mixture remains in the can — can col- 
lapses because of an inbalance in pressures outside and in- 
side, rather than a suction inside pulling in the sides. 

e. with yardstick, interpret differences in the procedures, cor- 
relating with differences in results. 

f. enrichment and reinforcement of hypothesis may be given 
by showing that reduced pressure above free surface of li- 
quid results in lowering the temperature at which water 
boils. 

7. From recorded data (observations) allow the class to arrive at 
a general statement: 

air occupies space 
Since $ ; 

air has weight , air Is matter. 

8. Examine results to see if retesting or additional experiments are 
needed to prove stated problem. 

9. Discuss relationship of results to hypothesis, and draw conclu- 
sion in relation to the stated problem. 
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ACTIVITIES USING PROCESS TEACHING 

(Adapted from Selected Science ServiceSf 

United States Department of Health, Education, and Welfare, 

April, 1963.) 

Process teaching is not new. It is essentially a matter of empha- 
sis. The most commonplace topic in science can be made into a challeng- 
ing lesson simply by a slight shift in emphasis. Among the processes of 
inquiry which must be stressed arej (1) problem recognition; (2) prob- 
lem definition; (3) observation; (4) collection, analysis, and inter- 
pretation of data; (5) hypothesizing; (6) generalizing. . 

Several learning situations utilizing this approach are presented 
below. 

(1) The Siphon: 

a. Silent demonstration of siphon using colored water. A siphon 
can be made from two pieces of glass tubing, each abwt 8 to 10 in^^ 
long, connected by a rubber tube of the same length. Fill ^^o milk bo^ 
ties each about half full of water. Fill the siphon tube with water and 
pinch tightly at the rubber connection. Now place an end of the siphon 
in each of the bottles. Hold a bottle in each hand and manipulate one 
end of the siphon up and down. 

b. Do you recognize a problem here? 

c. How would you state the problem? 

(1) What makes the liquid move? 

(2) What causes the liquid to flow? 

(3) Under what consideration does the water in the siphon 
flow? 

(4) What factors influence the flow of a siphon? 

d. Propose hypotheses for phenomena observed. 

e. Suggest controlled experiments by means of which the hypotheses 

can be tested. 

(2) Rate of Flow of Siphons: 

a. Silent demonstration with siphon and colored water. 

(1) Large diameter— short tubes 

(2) Large diameter — ^long tubes 

(3) Medium diameter— short tubes 

(4) Medium diameter— long tubes 

(5) Small diameter— short tubes 

(6) Small diameter— long tubes 

(7) Other variations 

b. List observations on blackboard. 

c. What is the problem? Select best statement. 

(1) What factors influence the rate of flow of water through 
the siphon? 
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(2) Why does the water flow through the siphon at different 
spe^? 

(3) What causes the water to flow through the siphon? 

d. Propose hypotheses based on such factors as: 

(1) Difference of levels 

(2) Diameter of tubes 

(3) Density of liquid 

(4) Difference of liquid pressure 

(5) Viscosity of liquid 

(6) Internal friction of the tube 

(7) Length of tubes 

e. Attempt to state the hypotheses as a quantitative relationship. 

f. Design a controlled experiment to test the influence of each fac- 
tor in affecting the rate of flow. 

g. Identify assumptions basic to the various experiments. 

(3) The Candle and Jar: 

a. Silent demonstration. Fasten candles of different sizes to the 
bottom of suitable pie tins with melted wax. The aluminum foil pans 
used for certain frozen, foods work very well. After the candle has been 
lit vTith a match, cover with a jar. Try the following jar and candle com- 
binations. Make careful observations. Repeat for accuracy. See if you 
can get measurements of any factors. 

(1) Long thin candle — ^iarge jar 

(2) Large diameter candle-large jar 

(3) Large diameter candle — small jar 

(4) Birthday candle — ^small jar 

(5) Birthday candle — ^large jar 

(6) Other variations 

b. Discussion of observations (record on blackboard). 

c. Testing various hypotheses. 

d. Select most promising hypotheses. 

e. Evaluation of evidence. 

f. Interpretation of evidence. 

g. Drawing generalizations. 

(4) Radiohiology: 

Problem: Do aquatic animals differ in their absorption of fission 
fallout materials from their water environment? 

a. Propose hypotheses for solution of problem. 

b. Design controlled experiment to test hypotheses. 
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c. Collect specimens such as minnows, crayfish, and salamanders. 

d. Place specimen in appioximately 20 millileters of water con- 
taining 2 milliliters of one microcurie per milliliter solutions of 
radioactive isotopes such as iodine^®*, sodium^, phosphorus®^, 
or sulfur®*. 

e. Vary the periods of exposure up to 80 hours. 

f. Design controls for each experiment. 

g. Test evidence by change from background counts on a Geiger 
counter. 

h. Make autoradiographs, varying the time exposures on x-ray 
film, of the different animals used. 

i. Discuss possible errors in data. 

j. Draw inferences from data. 

k. Propose further tests of data as a basis for conclusions. 

(6) Effect of Temperature mi Bacterial Growth: 

Using pure cultures of known bacteria, or ones isolated from air ex- 
posure plates, inoculate 3 sets of tubes of nutrient broth and/or nutrient 
agjar slants and incubate at 37“C (incubator), 25-30“C (room), 5"C (re- 
frigeration), and other temperatures. Record relative amount of growth 
for 3 to 7 days. 

(6) Inhibition of Bacterial Growth: 

a. Dissolve two beef bouillon cubes in a quart of warm water. 

(1) Divide the broth into eight equal portions and put into 
clean glass tumblers or breakers. 

(2) To glass No. 1 add a teaspoon of salt. 

(3) To glass No. 2 add a teaspoon of sugar. 

(4) To. glass No. 3 add a tablespoon of sugar. 

(5) To glass No. 4 add a teaspoon of vinegar. 

(6) To glass No. 5 add a teaspoon of chlorox or other bleaching 
solution. 

(7) To glass No. 6 add a teaspoon of household ammonia. 

(8) To glass No. 7 add several drops of merthiolate or tincture 
of iodine. 

(9) Leave glass No. 8 untreated as a control. 

b. Leave glasses at room temi^rature and observe at daily inter- 
vals for evidence of bacterial growth, either as increased tur- 
bidity or the development of a surface film. 

c. Draw conclusions and relate them to control of bacteria. 

(7) Measuring the Oxygen Consumption of a Small Animal: 

a. Place an insect such as a grasshopper in a gas collecting bottle 
with a one-hole rubber stopper fitted with a 0.2 ml pipe^. The 
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pipette should contain a drop of ink. Insert several pipe cleaners 
soaked in a 0.4 percent solution of KOH (to absorb the CO 2 ) be- 
tween the cork and the neck of the bottle. Gather similar data 
for a dead grasshopper and other live insects and small animals 
at different temperatures and rates of activity. 

b. Chart changes in position of the drop of ink. 

c. What is the problem? Select the best statement. 

d. Propose hypotheses concerning oxygen consumption rate and 

(1) Size of insect 

(2) Degree of temperature 

(3) Relative activity of insect 

(4) Other factors 

e. Study data to determine whether they support each hypothesis. 
(8) Inheritance of Taste Ability: 

a. It is not difficult to test for taste ability in the classroom. Give 

a taste ability test paper to each student. PTC test papers, m 
they are caUed, may be obtained from the American Genetic 
Aissociation, 1507 M Street, N.W., Washington 5, D.C., at nom- 
inal price. ( 

b. Record the number of those who can detect a bitter taste and 
those who cannot taste anything. Your studente may then take 
papers home to test the members of their families. 

c. Record statements of the problem and select the best one. 

(1) How many tasters would there be in a class if the law of 
averages alone controlled the results? 

(2) Are the results similar to those you would expect if the 
Mendelian laws applied? 

' TESTING HYPOTHESES 

The sources of hypotheses are many. They come from laboratory 
work and demonstrations; observations of natural phenomena are com- 
mon sources j the statenieiits in science textbooks, often arbitrarily made, 
are hypotheses to the student who may read them as plausible but un- 
verified statements. 

In the following proposals, hypotheses from several sources are each 
accompanied by a suggestion of an initial approach to a test of the hy- 
potheses and their accompanjing suggestions will be most useful to the 
science teacher if a few precautions are observed : 

(1) The hypothesis— suggestions should not be presented to the stu- 
dents as a laboratory experimoit to be done. If there is a hy- 
pothesis, it must exist in the studenPs consciousness; it must be 
a result of his own thinking and doing. 

(2) The suggestion is for the teacher to use judiciously with the 
student; it is presented only if needed and to the degree needed. 

(3) Each suggestion could be accompanied by others; but students 
should be encouraged to find other ways of testing the hypothe- 

OMI 
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(4) The teacher may need to help the student determine precise 
quantities in some instances. The initiative should not be tak- 
en from the students, however. 

(5) In many instances controls are needed. The teacher may raise 
the question of the need for a control, and of ways of providing 
the control. 

(6) The adequacy of the test of the hypothesis is an appropriate 
concern to be raised with each experiment. 

Hypothesis: A ninth-grade science student could lift a solid equal in 
weight to the air in this classroom. I 

Suggestion: On a sensitive balance weigh a well-evacuated flask, 
and reweigh with valve open. ■ 

Hypothesis: Water that has been boiled will freeze faster than water 
that has not been boiled. 

Suggestion: Use freezing compartment of an electric refrigerator. 
Try quantities of water so prepared. 

Hypothesis: A fisherman can “weigh” a fish using only a ruler and a 
fishing pole of known weight. 

Suggestion: Moments of force can be involved. 

Hypothesis: Objects that are good absorbers of heat energy are also 
good radiators. 

Suggestion: Paint two vegetable or coffee cans and lids — one dull 
black, the other aluminum. With thermometers compare radiation rate 
when each contains hot water with absorption -’ate when each contains 
cold water. 



DEMONSTRATIONS 

QUICKIES — A Collection of Classroom Demonstrations 
and Devices for the Teaching of Science 

(See Subject Index P-337) 

The Science teacher often has a need for quick, spectacular attention- 
demanding items to enhance his presentation, emphasize a principle, fix a 
fact, or condition the class for further learning. We hope the following 
“Quickies” may serve the above needs for you. 

1. Spontaneous ignition can be effected with a half teaspoon of sodium 
peroxide placed on a two-inch cone of starch, sawdust, or finely chopped 
paper. Lay a small chip of ice on the cone. Sufficient heat and oxygen 
will be released by the reaction of vrater from the ice with the sodium 
peroxide to ignite the material. Kindling temperature and oxidation 
can be discussed following the demonstration. 

2. Structure of a Bunsen flame can be demonstrated by adjusting the 
flame to above five centimeters and holding a splint horizontally at 
various levels. Heat intensity for each level will be indicated by the de- 
gree of scorch on the splint. This may be varied by using a plain card 
held perpendicular and slightly tilted in the flame. A scorch pattern 
will appear showing heat intensities of various areas of the flame. A 
wire gauze held in the flame will show by its glow the same conations. 
Probe the flame with a small thermocouple connected to a sensitive am- 
meter and interpret. 
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3. Allow students to check the pH of their own saliva by using Hy- 
drion paper. The color chart (usually on the Hydrion vial) will indi- 
cate quite a range of pH through the class. 

4. Molecules of water have spaces between them as evident when a 
long test tube or graduate is filled three-fourths full of water and then 
completely filled carefully to capacity with alcohol. Place thumb over 
end of container and invert to mix the liquids. The container will no 
longer be filled to capacity. 

5. Using a small container rather than a large one in a gas generator 
gives a quicker yield of undiluted gas. Carbon dioxide can be made 
quickly by heating sodium bicarbonate in a test tube generator. 

6. Dramatization of valence in simple reactions can be shown by two 
girls each holding the other's hands (representing oxygen molecules) 
and four boys, each with one hand in his pocket but, holding another 
boy’s hand (representing hydrogen molecules). The three molecules rep- 
resented will break apart at the introduction of a suitable catalyst (rep- 
resented by a popular dance tune) to form H-O-H. 

7. One demonstration seldom offers so many illustrations as does “Bark- 
ing Dogs,” yet remains so simple to perform. Dissolve a small amount of 
white phosphorus in carbon disulfide. A few drops of this solution on 
filter papers placed on top of a number of empty glass cylinders of vary- 
ing capacities will illustrate: 

a. — Solubility and physical change as P dissolves in CS 2 

b. — ^Evaporation as CS 2 evaporates leaving P on filter paper 

c. — Settling or diffusion of a heavy gas as CS 2 mixes with air in cy- 

linders 

d. — Spontaneous ignition as P catches fire on paper 

e. — Oxidation and combustion as P catches fire and paper bums 

f. — Combustion and explosion as CS 2 and air explode in cylinder 

g. — ^Incomplete combustion as evident by sulfur deposited on cy- 

linder walls 

h. ^Natural frequency of cylinders differs as pitch of explosion dif- 

fers. 

8. Is so-called suction a push or a pull? Arrange a flask fitted with a 
two-hole stopper and a glass tube extending well down into the flask, 
which is completely filled with water. A good-natured student is asked to 
“suck” water through the glass tube while the instructor holds his finger 
over the other hole of the stopper. On student’s failure to get any water 
out of the flask, the instructor might remark, “Jim is not as big a sucker 
as we thought.” After appropriate comments and removing his finger 
from the hole, the instructor asks the boy to tpr again. Suddenly the suck- 
er succeeds. This is followed by the explanation, after laughter subsides, 
showing how Se experiment answers the problem. 

9. Mix a little concentrated sulfuric acid and potassium pr r?aan^nte 
in an evaporating dish. Dip a glass rod into the mixture and -nediately 
touch the rod with attached mixture to the wick of an alcoh^ .. lamp. The 
alcohol ignites. 

10. To demonstrate how water aids chemical reaction, add about a gram 
of potassium bitartrate with an equal amount of sodium bicarbonate to 
a test tube. Shake and note no reaction. (Explain that these are the es- 
sentials of cream of tartar baking powder which may keep for months 
on the grocers shelf.) Add a little water and the effect is evident. Ions are 
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more active than atoms or molecules and water probably acts as a catalyst 
or at least promotes ionization. 

11 Oxvsren may be prepared by the action of enzymes in yeast on six 

“ wen peroxide surfa^ action 
Side on hydrogen peroxide, heating sodium mtrate, or the interaction of 

sodium peroxide on water. 

12. Match sticks are chemicaUy treaty except tiie 
heid by machines during the proceM of 

pleteiy and show the differences between the ash or char ieft of the treat- 
ed and untreated region. 

13. Mix one part sugar with three parts potassiira 

Na, Ba, Sr, Cu, and BOa with portions of the nurture ^ 

Light one end and observe the different colors which appear in the flame. 

14. Crystallization of a supersaturated solution 

adding sodium thiosulfate to hot water and letting it cod slowly. Scrateh 

ing the test tube causes the contents to 'lefome practically a ^ usine a 

time. Melt sodium acetate in its own water of ^ snectec- 

double boiler. The resulting supersaturated solution behaves in a specta 

ular maimer. 

16. The gas laws may be iUustrated by S 

near each end and in the center of a small board about me size of a y a 

stick. Label each hole appropriate!^ Pressure, Tempwata^ ^ kSm 
S how bv nivoting at center hole (Temperature) if temperature nfUpf 
MMtot Sd p^uie rises the voiume will tower (decrease) etc. Other 

variations will show different aspects of the laws. 

16 Light gases diffuse dovmward. Fill a wide mouth b^le 

OCT liveifever a like bottie fffled with air. While waiting jor «ie de- 
lusion to take place be demecratic CTd allow ^ I^^Tar^e 

they think is most likely to happem TOese pwibihfa^ may enst^a) 
hydrogen being lighter will remain in the top bottle W the w 

mix together (c) all the hydrogen will go to the bottom ^ttle (d) ^ 

the hydrogen will remain in the top bottle (e) non-voters do not ® 
what ^11 happen. At the end of about five minutes test each ^ 

that MANY people vote with too little facts and information. 

17 Build a miniature volcanic cone -with deep depresdon in top. Place in 

th; depveslon some ammonium dichromate mixed small amou^^^^^ 

nowdered magnesium. Push a piece of magnesium nbta into the mix- 
taJL Ught tCS^ to ignite tiie mixture. A realistic volcanic action 

ensues. ' 

18. A “Halo” type shampoo poured on a small amount of 

oxide in a graduated cylinder will produce copious lather on addition o 

solution of hydrogen peroxide. 

19. Aluminum powder mixed with iodine will i^ite when a drop of water 
is added. 

20 The patriotic colors are produced by pouring sodium 

tion into three beakers containing one each of the following solutions, 
phenolphthaldn, lead ai^etate, and copper sulfate. 

21 Lead ions combined with iodide ions produce lead (II) iodide which, 
when^Mhed Mdrecrystallised from hot water, produce interesting gold- 

en crystals. 
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22. As handkerchief saturated with 70% alcohol diluted with an equal 
amount of water will not scorch or burn when the alcohol is ignited. Keep 
the handkerchief moving. 

23. Diesel or fuel oil can be further purified by shaking with concentrated 
sulfuric add in a separatory funnel. 

24. An interesting pulsating action, “mercury heart”, can be observed 
by placing a small globule of mercury in a 5% solution of sulfuric acid 
in a shallow watch glass. Touch the mercury with an iron needle fixed 
in a cork and held steady by some mechanical support. 

25. Pierce gelatine or jello with a needle having formic acid on it. The gel- 
atin will form a blister or swell as a person does when stung by a bee. 

26. Most substances, even glass, are soluble in water. Grind very fine a 
small amount of glass and put in a test tube with about 5cc of distilled 
water. Add phenolpthalein and note that it must be dissolving. 

27. Solubility of ammonia gas is quickly demonstrated by putting five ml 
of ammonium hydroxide in a 600 ml flask equipped with a one-hole stop- 
per, glass tubing drawn to a nozzle on one end, and attached to long 
heavy rubber tubing. Heat the flask and ammonium hydroxide until the 
ammonia gas comes from the open end of the tube. Place tube end in 
water and await action. 

28. Conservation of energy — support heavy pendulum from ceiling, draw 
back against nose, with your head against the wall. Release pendulum 
bob and stand nonchalantly awaiting its return. It cannot rise to greater 
height than that from which it started. You are safe if you do not move! 

29. A simple cloud chamber can be made from a ^llon .iug fitted with a 
one-hole stopper with a short piece of glass tubing. Blow into the jug 
through the glass tubing to increase pressure. Put finger over end of 
tube and pull stopper, suddenly reducing the pressure. No cloud is form- 
ed. If a lighted match is dropped into the jug and the performance re- 
peated, a cloud will form. = 

30. Call this tubeless television. Project a lantern slide vdth a few simple 
words (i. e.. That’s All) cut in a piece of metal foil so that the image is 
in mid-air. Direct beam of lantern out through open door so that it does 
not attract attention. Wave a white wand in the plane of ima^. Persis- 
tence of vision creates a complete image, apparently materialized in 
space. 

31. Place a copper (penny) on glass slide on micro-projector. Put silver 
nitrate solution around copper and watch silver crystals form on screen. 
Note many peculiar characteristics they exhibit. i 

32. Action and reaction. Place plank on rollers (dowlings). Mount mas- 
sive lo^ on small cart on plank. Attach rubber bands to plank and cart, 
stretching and tying back with thread or string. Burn thread to release 
system. Road goes one way, cart goes other. 

33. Into a small box place small objects and seal box closed. Students can 
examine box, blindfolded, and tell you: a. How many pieces are in the box. 
b. ’Hie shape of the pieces, c. How heavy the pieces are (density) . d. How 
big the pieces are. e. The color of the pieces. By doing this the student has 
reason to believe that scientists may know something about the atom 
even though it has never been seen ; as he has not seen the objects in the 
box. 
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34. Alcohol, carefully floated on concentrated sulfuric acid in a test tube, 
exhibits flecks of fire at the intersurface when potassium permanganate 
crystals are allowed to fall through the liquids. 

35. 42b Natural acid-base indicators can be had in such common foods as 
blue-b'srry juice, red cabbage, carrot, beet, etc. Determine over what range 
of pH they operate. 

36. Paper chromatography can be quickly demonstrated by placing a spot 
of most any ink near one end of a strip of filter paper which touches 

water. 



37. Find the center of gravity of a stick held horizontally across tlm fing- 
ers of both hands. Center of gravity will be at the point where the fingers 
come together. 

38. Mark the center of gravity of a hammer with a spot of color. Toss 
the hammer into the air with a spin and note that the spot is the most 
stationary point. 

39. Clamp an iron rod to a broom handle near its center. Hold ^broorn 
handle in both hands with rod extended horizontally. Attach a weight at 
different distances from the handle and note how torque increases. I^ever 
arm has real meaning here. 

40. Show conservation of energy in a swinging pendulum by noting that 
it returns to the same level each time. Place an obstruction beloy/ the 

of rotation so that the arc of swing will be changed. Change the obstruc- 
tion to a point one half the distance between the lowest ana highest levels 
and again below this point. Explain why the bob loops over the oostruc- 

tion. 

41. Evidence that one may see the sun below the horizon can ^ visualiz- 
ed by looMng at a penny in a bowl filled with water. Note that the Mnny 
can not be seen over the rise of the bowl unless there is water in the bowl. 

42 Select two test tubes so that one barely fits inside the other. Partly 
fili the larger with water and float the smaller one on the water. Invert 
tubes and see the water spill out but the smaller tube falls up. 

43. A coiled platinum wire suspended from rubber stopper in a flask filled 
with ammonia gas and air will glow for about ten minutes. Blow over 
the mouth of flask to replenish oxygen. 

44. Have pupils move around the room as sun, moon, and earth to show 
effect of rotation, revolution, tilt of earth on axis, etc. 

45. A burning match head pressed against a silver coin shows direct com- 
bination between sulfur and silver. 



46. Suspend a bar magnet on a string. Rotate^ another magi^ under it 
to show transfer of magnetic energy to mechanical eiwr^. What changes 
the direction of poles? How can the change be effected without human 
movement? 



47 A Cartesian diver can be made with a Coca-Cola bottle full of water 
and a match head. Keep breaking off the match stick until the h^d barely 
floats. Thumb pressure on the mouth of the bottle makes these little divers 
zip up and down in the bottle. 



48. Flame analysis can be done without the expensive platinum wire and 
without the necessary cleaning before each test. Dissolve a small amount 
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of the salt to be tested in a few milliters of alcohol Igrite the alcohol 
solution in a clean dish and notice the color. 

49. Set up a long glass tube filled with water and containing a test tube 
as a Cartesian diver to operate with a squeeze bulb. The apparatus can be 
used for demonstration of principles of Archimedes, Pascal, and Boyle. 

50. A relatively cold flame may be produced by igniting a mixture of car- 
bon-tetrachloride and carbon ^sulfide (or water and alcohol) . In prepar- 
ing the mijdure first prepare a mixture with too much carbon tetrachlo- 
ride (or water) so that it will not ignite. Add a small quantity of the car- 
bon disulfide to a portion of the mixture and test for the right tempera- 
ture. A handkerchief may be dipped in the mixture and held in the hands 
while burning if it is kept moving. 

54. To demonstrate Bernoulli’s principle cut a circular piece of card- 
board slightly larger than the end of thread spool. In the center of the 
circular cardboard push a straight pin to the head. Set the spool over the 
pin point and down on the cardboard. Blow in the other end of the spool 
The cardboard will cling to the spool as long as there is air motion through 
the spool. 

62. Cut a four-inch piece of wire from a coat hanger. Bend one-half inch 
back on one end so that leather belt will slip in the hook. Support other 
end on finger and belt will hang in space as on “sky hook.” 

60. Submerge a beaker in a glass container of water filling the beaker 
with water. Invert the beaker upside down position under water. Invert 
another beaker and submerge so that air is trapped in it. Pour air from 
one beaker into the other, pouring up. Note fluid nature of the gas. ■ 

54. Fill a flask two-thirds full of water and bring to boiling. Cork the 
flask and invert. Place ice cube on bottom of flask and see water begin 
to boil again. If the flask is corked with a one-hole stopper witti a gl^s 
tube extending almost to the bottom of the flask, boiling can be effected by 
reducing the pressure of the entrapped air. 

55. Wave motion and standing waves can be demonstrated by attaching 

a string to most any small electric motor or vibrator. An electric shaver is 
ideal. Hang weights of varying amounts on the string to change wave 
length and freguency. ' 

56. Mix sand and lead oxide for an ore. Put mixture in a test tube with 
water and mineral oil and shake well. Note the separation of the mineral 
and point out “the gangue’s all there.” 

57. A wooden slat is covered with a newspaper except for a few inches 
which project beyond the edge of a table. The protruding slat is struck by 
a bat and it breaks instead of tearing the paper. 

68. Put equal quantities of water in two small beakers. To each add one of 
the following chemicals in equal amounts. Dissolving barium oxide is ex- 
othermic while dissolving ammonium nitrate is endothermic. Pass the 
be^ers around for inspection. 

69 The force of normal external air pressure is sufficient to collapse a 
rectangular varnish can. In a clean can place a few tablespoons of water 
and bring it to a boil, to expel the air with the water vapor. Close the 
cap tightly as soon as water boils vigorously. Cool the can by dashing 
cold water on it 
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60. Cotton or filter paper saturated with turpentine and put into a quart 
fruit jar or wide mouth bottle of chlorine gas will spontaneously react. 
Have jar cover handy to prevent soot from covering the room. 

61. A copper strip or wire suspended in a silver nitrate solution produces 
a ‘‘silver tree” by the replacement reaction. 

62. A dry plastic sponge can be measured for volume. Ajsk how much 
water you can pick up with it. When wet, it may pick up more than its 
initial volume. It expands slightly and is mostly a “lot of air holes fasten- 
ed together.” 

63. Arrange wood matches closely on a soft board by means of straight 
pins placed through them at their midpoint. Hold the board upright and 
ignite the bottom match. The others will follow in turn to demonstrate a 
chain reaction. 

64. Three students each holding a rod of a different substance in a flame, 

will demonstrate the difference in conductivity of heat by their object 
from the flame. Use about the same sized rods or iron, aluminum, glass 
and copper. : ■ 

65. Colored crayon marks on white paper viewed through colored bits of 
glass shows color filter; Make drawings of bird in cage with appropriate 
colored chalk and let bird out of cage by viewing through colored glass. 

66. Games can make both learning and instruction a pleasure. Build puzzle 

of jumbled letters for other students to solve. Atn example: (word defini- 
tion) ' 

Begical — Great ice sheet (glacier) 

Isosfsl — Traces of past in rocks (fossils) 

67. Some properties of water make interesting conversation pieces. Dem- 
onstrate that ice is lighter than water by placing large icicle in milk bottle 
(ice cube may be used). Add cold water to fill jar while holding ice under 
the water. Let ice float and observe what happens as the ice melts. 

68. The effect of tobacco smoke on fish can be demonstrated by arrang- 
ing a train of two flasks, each filled with water and one containing fish. 
A cigarette is smoked through the water containing the fish by siphoning 
the water from the other flask. 

69. Heat strongly some protein in a test tube having pieces of litmus pa- 

per and lead acetate paper over the lip. Blackening of protein shows its 
carbon content; litmus turns blue, indicating ammOnia; lead acetate paper 
turns black, indicating the presence of hydrogen sulfide ; water condenses 
on side of the test tube. . . 

70. “Moth balls” rolled in sodium bicarbonate and put into a cylinder of 
very dilute hydrochloric acid will rise and fall with regularity. 

71. Print with Capital letters such words as CHICK BOX or FIRST 
CHOICE. Plac^ a mirror over the top half of the words and perpendicular 
to the plane of the paper and observe the reflected part of each word with 
that visible. 

72. An interesting conversation piece can be -made from a salt box. In 
the center of one end puiich one hole with a sharp needle. About the center 
of the other end punch three holes at the corners of an equilateral triangle 
about two millimeters apart. Look through the one hole and see the three 
holes. Look through the other end at the one hole and explain what is 
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seen. Lab^ the box “Drunk-O-Meter” and list the following directions: 
1 hole — sober, 2 holes — nippin, 3 holes — dog drunk, 4 holes or no holes at 
all — dead drunk. ; 

73. To demonstrate the center of gravity outside of a body and the cri- 

terion for stability, borrow two pocket knives from students. Push blades 
firndy (but carefully) into a pencil near the sharpened end with the 
handles beyond the point of the pencil. Balance it point downwards on 
your finger. If the center of gravity falls below the point of balance the 
system will be stable. , 

74. The stabilizing action of colloids is a principle utilized in the “Foam- 
ite” fire extinguisher. Into each of two tall cylinders or hydrometer jars 
pour a soluton of wdium bicarbonate. Add a teaspoon of licorice extract 
to one. Add aluminum sulfate solution to each and notice how carbon 
dioxide bubbles subside rapidly in one while foam rises over the top of 
the other container and spreads. 

75. Bernoulli's principle can be shown by balancing an inflated balloon or 
beach ball on a jet of air from the output end of a vacuum cleaner. The 
balloon will hover near the ceiling and will not fall off although tipped a 
considerable angle. A ping pong ball balanced on a fine jet of water will 
illustrate the same. 

76. Many organic substances, dead and alive, show interesting character- 
istics under black light. Cockroaches are multicolored under ultraviolet 
light. 

77. For quick demonstration of colored flame, ion color, or burning of 
metals, keep salt shakers filled with powdered metals such as iron, alum- 
inum, magnesium, zinc, and antimony. Dust these into a Bunsen flame. 
Salts of strontium, lithium, barium, copper, and sodium can be sprinkled 
into a flame by the same method. 

78. Pour copper sulfate solution over coarse iron filing on a filter paper. 
The blue solution on coming through the filter will be colorless. If a small 
amount of acid was placed in the collecting conteiner, when the solution 
is poured back through it will again be colored. 

79. Ionization in a frame can be shown by holding a lighted match near 
a charged eletroscope. Charged pith balls or balloons lose their charge 
rapidly when a flame is brought near. 

80. Light rubber balloons suspended from long silk strings act as demon- 
stration electroscope when charged by rubbing with woolen cloth or fur. 
Individual balloons can be made to stick to flat surfaces such as walls or 
ceilings by rubbing them on clothing. 

81. Cut a six inch circle of pl 5 rwood or press board. Cement a small cork 
at its center. Drill a very fine hole through the disc and cork. Inflate a 
balloon and fasten its mouth over the cork. Place the apparatus on a 
smooth surface to see almost frictionless motion on the cushion of air. 

82. Strike a match and place the lighted match between the tynes of a 

tablefork. Watch the match ‘go out' as the flame reaches the metal fork 
and the heat is conducted away. , 

83. Minemonics are useful memory devices and should be used with em- 
phasis on the facts rather than on the device for remembering. CREAM 



o 
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may mean the five kinds of energy : chemical, radiant, electrical, atomic, 
and mechanical. Its plural might suggest the most profitable source of 
future supply. ' 

84. Analogous inference, although not true or real, may be a hitching star 
for some philosophy that affords a solid foundation for work. A tei- 
angle can be used to show relative importance of study and application 

A to one’s future. What you “is” today determines what you 
“was” from any future date. Both of what you “is” and 
what you *‘was” determines the length of your “will be” 
or future base line. 



will be 

85. Rubber bands or strips can be tied together in bundles and charged 
by stroking with fur or by other means. A lighted match near the re- 
pelling strands will cause them to collapse. 

86. Done with a lot of . flourish, this brings down the house! *1116 me- 
chanics of the friction, forces, and inertia involved make interesting con- 
versation. Set a glass two-thirds full of water about three inches from 
the edge of a table. On the glass place a pie tin. On the pie tin and di- 
rectly over the glass place a spool on end. Place an egg (fresh if you 
are confident) on the spool. With one foot on the bristles of a springy 
broom, pull back the handle and aim at the pie tin. The spool rolls on 
the table, the pie tin skoots to the floor, the glass and water remain un- 
moved on the table with the egg unharmed in the water. 

87. Blow or suck on the small end of a funnel containing a ping pong 
ball. The ball will not fall out even though the funnel is inverted, so long 
as air is moving between the ball and funnel wall. 

88. Look through a paper tube at some distant object with the right eye 
while holding a book over the other eye and close to the tube. It will ap- 
pear that one is looking through a hole in the book. 

89. Draw a circle in the center of piece of white paper with colored 
crayon. Stare at the circle at arms length for a time, then look at a blank 
wall. A circle of some other color appears on the wall. 

90. Boil water in a paper cup. The paper will not bum until the water 
has boiled away. 

91. Considerable heat is generated in stretching a rubber band. Hold 
the band against the upper lip and extend it quickly. Allow the rubber 
band to contract rapidly and note that it absorbs heat. 

92. Stretch a rubber band tightly and rub against an electroscope. De- 
termine the nature of charge produced. ; 

93. Combing the hair near the aerial of a radio produces static. 

94. Suspend thermometers insde and outside a large closed bottle to 
observe the hothouse effect. The same effect can be observd by meas- 
uring the temperature inside a closed automobile and the outside tem- 
perature. 

95. Float a needle or razor blade on water by aid of its surface ten- 
sion. Weaken the surface tension with a speck of detergent. 

96. Scrape flecks of gum camphor onto a water surface and see the 
pieces propel themselves over the surface. A drop of olive oil on the sur- 
face stops the action. 
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97. Identify a fresh egg from one that has been boiled by spinning them 
on a flat surface. One stops motion sooner. 



EFFECT OF A MAGNET ON AN ELECTRIC CURRENT 

Form a piece of heavy wire into a U-shape and suspend it from two 
hooks in a board. Connect the ends of the wire to a battery. Include a 
switch in your circuit. Position a U-magnet so the wire is between the 
poles. Close the switch. Notice what happens. Open the switch and ob- 
serve what happens. 




SOUND TRAVELS THROUGH WATER 

Remove one end from a small box. A box about 8” x 6” would be a 
good size. Place a beaker of water on the box as illustrated. Attach a 
piece of cork to the stem of the tuning fork. Strike the tuning fork and 
hold the cork in the water. What do you observe? 








PART V — APPENDICES 



EVIDENCES OF A GOOD SCIENCE PROGKAM 

1. Teachers participate in formulating over-all objectives of instruc- 
tion. 

2. There is evidence of purposeful planning leading to objectives. 

3. Students continue practices in the use of skills associated VTith the 
processes of scientific inquiry. 

4. The program is directed at growth in undersfending basic theories 
of science. Understanding is develoi>ed inductively and deductively. 

6. The program encourages development of desirable attitudes toward 
science. 

6. The program encourages development of desirable characteristics 

of scientists. ^ 

7. The program has continuity or sequence from grades 1 through 12. 

8. The program is planned, but flexible and recognizes new scientific 
developments and regional differences. 

9. Facilities and opportunities are provided for individual differences, 

as well as group interests. ' 

10. The program provides first-hand experiences with materials and 
phenomena, induding open-ended experimental activities. 

11. The program provides for growth and the use of manipulative skills 
and attitudes associated vdth laboratory processes. 

12. The program leads to an awareness of both the orderliness and the 
randomness of natural phenomena. 

13. The program develops an appreciation of the scientific enterprise. 

14. The program makes use of a variety of up-to-date resources and 
materials. 

15. The program is under the guidance of competent teachers who are 
oriented toward science and understand the interests and energies 
of youth. 

16 The program makes use of instructional aids and materials selected 
on the basis of their appropriateness to developing desired under- 
standing, intellectual and manipulative skills and attitudes. 

17. The program draws upon resource people as well as material re- 
sources available from the community. 

18. The program contributes to other curriculum areas and in turn is 
enridied by them. 

19 The program provides experiences for students to “learn by being” 
as well as to “le»'*n by doing”, in areas in which they are interested. 
(Freedom and encouragement to investigate by themselves.) 

20. The program gives emphasis to the mathematics of science. 



STUDY TECHNIQUES IN SCIENCE 



I. Reading Strategy 

A. Read for a purpose 

1. Determine what your purpose or objective is for reading 
the material. 

2. Train yourself to ask silent questions like these ; 

a. Why am I reading this material? 

b. How shall I proceed? 

c. What do I want to find out? V 

d. W^t points should I remember? 

B. The Pre-reading Survey 

1. Look quickly through the entire passage to be read. 
(Seeing the material first as a whole.) 

a. Glance at illustrations and their captions. 

b. Read the introductory paragraphs. 

c. Read the summarizing last paragraphs. 

2. Develop questions about the passage. 

(Seeing the material in its various parts.) 

a. Ask questions on items that arouse your curiosity. 

Make a mental note or write these questions down, 
b; Convert headings themselves into questions. 

C. Proceed with close reading. 

1. Distinguish general statements from supporting details. 

2. Organize what has been read to see the important relation- 
ships. 

II. Other Useful Reading Devices. 

A. Recognize kinds of paragraphs. 

1. Three general types of paragraphs: 

a. the narrative, or running account; 

b. the cause-and-effect paragraph, in which you must 
sense the relationship; 

c. the example, which presents an idea in more familiar 
terms. 

2. Recognize the cue that indicates that a careful word-by-word 
reading is required. 

B. Apply gained from reading. 

1. Try experiments. 

2 ^ Look up information on material not explained. 

C. Draw conclusions. 

1. Form your own generalizations. 

2. Pull the facts together. 

3. Summarize what has been read. 

D. Evaluate the evidence. 

1, Be alert to points of evidence in the reading material. 

2. Judge whether the writer has offered evidence to suport his 

conclusions. , 
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III. Four Important Factors in Reading. 

A. Attention and application 

1. Be alert as you study, and your results will be to; 

a. learn more; 

b. learn more easily; 

c. learn more quicMy. 

B. Reading rate is determined by : 

a. type of material being used. 

b. purposes for reading. 

C. , Vocabulary 

1. Helps found in textbooks; 

a. Meanings and pronunciations given in body of text. 

b. Glossary. 

2. Other useful devices 

a. Analyzing words. 

b. Discussing the terms after a study assignment. 

c. Studying for spelling tests. 

d. Using the words in sentences. 

3. Special vocabulary study methods.. 

D. Outlining and note-taking are necessary. 



See Coronet films or other films on reading. 

Teachers Reference ; Teacher’s Manual, Science/ A Seafch for Evidence, 
Macmillan Company, 1960, pp. 12-14. 
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LIST OF BASIC SCIENCE EXPERIMENTAL EQUIPMENT 

FOR GRADES 7-9 
' (MINIMUM LIST) 



Name of Item 

Ai^uariiim, 6 gal. or larger 
Atom model 



Qtumtity 

1 per science room 
1 



Balance: 

Spring 

Trip scale, Harvard type 
Ball and ring 
Barometer, aneroid 
Batteries 
Cell, Voltaic 
Bell, electric 

Biological materials, representative materials 
from the various phyla 
Bottles: Reagent 
Brushes, assorted 



6 

2-8 

1 

1 

8 or more 



8 

1 per sci. room 



1 set 
24 

2 sets 



Burners: 

Bunsen or propane gas, portable 6 

Centrifugal force demonstration apparatus for 
use with rotator; Axis of rotation, hoop 1 



Clamps : \ 

Burette 8 

Test tube, Stoddard 15 

Compasses, magnetic^ 15 

Crucibles 1® 

Cylinders ; Aluminum, brass, copper, steel, water- 
proofed wood, glass 6 of each 



Dishes : 

Pyrex 

Petri 

Disks, acoustic 
Disks, color 
Dissecting sets 
Dynamo, hand powered 
» or 

Dynamo and motor set 
Electrolysis demonstration apparatus 
Electroscope 
Flasks: i 

Erelmeyer 
Florence 
Forceps 
Funnels, glass 
Graduated cylinders 
Gyroscope 



quantity 
24 or more 
1 

1 set 
8 



1 

1 

li 

8 

8 

8 

8 

8 of each size 
1 
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Hot Plate, electric 

Hydrometers : Battery with tremometer 
Hygrometer, wet and dry bulb 
Lamps, electrical (smali) 

Lenses: Set consisting of; concavo-convex, con- 
vexo-concave, double concave, double convex, 
plano-concave, & plano-convex 
Levers, Simple (meter stick) 

Magnets 

Medicine droppers 
Ammeters : 

AC Portable laboratory type 
DC ammeter 
Voltmeters 

AC voltmeter 
Triple scale 

DC triple scale, portable laboratory type 
Meter stick 

Microscope: (Specifications for biology and 
senior high s^ool) 

Compound standard , 

Microscope slides (prepared) Gen. Sci. Set 
Microscope slides (clear) 

Microprojector 
Minerals: Set of minerals and rocks: metallic 
minerals: hematite, limonite, green malachite, 
bauxite, galena, sphalerite, beryl, pyiite, cinna- 



i or more 
1 

30 or piore 



1 or more sets 
6 

6 of each type 
12 



or more 
or more 



1 or more 
1 or more 
1 or more 

6 



6 

2-6 

200 

1 



bar, manganite. 

Mirrors : 

Plane glass 

Motors, electric: St. Louis 
Power unit, electric, 110 v 
Prisms: 

Equilateral 

Tackle blocks: 

Single 
Double 
Resistances : 

Resistance box 
Resistors, assorted 
Rheostats: 

Slide wire 
Rods, friction: 

Vulcanite 



1 set 

8 sets 

2 
1 

8 . . 

8 

8 

1 

2 sets 

1 or more of different 
ratings 



8 
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Rotator: 

Hand driven 
Scissors ’ 

Sockets, electrical 

Switches, electrical, knife 
Telegraph set (Key, sounder, relays) 
Telegraph set (Receiver, transmitter) 

Test tubes 

Thermometers : Centigrade and Fahrenheit 
Stoppers, j^orted ‘ 

Troughs, pneumatic 
Tubing, rubber 

Tubing, glass 
Tuning Fork set 
Weights: 

Set of gm. weights 
Hooked weights 



1 

8 

30 or more small, several 
large ones 
8 
1 

1 I 

iO dozen 
8 

quantity 

8 . 

loo or more feet of dif- 
.ferent sizes (must fit 
glass tubing) 

100 feet 
1 set 

as many sets as balances 
to use them. 

2-8 sets 




1 



4 

‘j, 
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IMPORTANT 

LABORATORY 

EQUIPMENT 





Buchner funnel 




8 

Drying tube 




Iron clamp 




Burette clamp 





Iron ring 




Wire gauze 




e 

Deflagrating 

spoon 



Ring stand 





Wing top 








Oi 





Graduated 

cylinder 




Erlenmeyer flask 






Crucible and cover 





Mortar and pestle 




Test tube brush. 




Watch glass 






Thistle tube 
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Burette 





Pinch daaips 




Balance 
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PUPLIC^TJONS AVAILABLE THROUGH THE STATE WILDLIFE 



MUSEUM JACKSON, MISSISSIPPI 

Freshwater Fishes in Mississippi by Cook I ^3.00 

Salamanders of Mississippi by Cook .50 

Snakes of Mississippi by Cook ’ .50 

A Key to the Amphibians and Reptiles of Mississippi by Clibuni .50 

A Preliminary Check List of the Vertebrates of Miss, by Gandy .50 

Alligator and Lizards of Mississippi by Cook (temporarily out of .50 
print but may be reprinted) 

“General Information on Mississippi Bird Life” by Gandy 
(one copy given free to teachers) 



FILMS 



Films Suggested in the Guide : 

McGraw-Hill Text Films, 330 West 42nd St., New York 36, N.Y. 

1. Electric Circuits 

2. Ener^ 

3. Inertia of Motion 

4. Action and Reaction 

5. Reflection 

6. Refraction 

7. Sound 

Southern Bell Telephone and Telegraph Co., Contact local telephone com- 
pany. 

8. Gateway to the Mind (Obtained on loan) 

9. Music in Motion 

10. Ferromagnetic Domains 

11. The Science of Sound 

12. The Sounds of Fxoquency 

13. The Strange Case of the Cosmic Rays 

14. The Unchained Goddess 

15. Our Mister Sun 

16. The Thread of Life 

Shell Oil Company, Film Library, P.O. Box 2099, Houston 1, Texas. 

17. Fossil Stoiy (Obtained on loan) 

18. How an Airplane Flies 

19. Harnessing Liquids 

20. Rival World 

Encyclopedia Britannica Films, Inc., 1150 Wilmette Avenue, Wilmette, 111. 

21. What is an Electric Current 

22. Electrochemistry 

23. How to Produce Electric Currents with Magnets 

24. Magnetic, Electric and Gravitational Fields 

25. Atomic Energy Series 
Modem Learning Aids 

26. A Magnet Laboratory 

27. Electromagnetic Waves 

Coronet Instructional Films, 65 East South Water St., Chicago 1, 111. 

28. Galileo’s Laws of Falling Bodies ■ 

29. Issac Newton 

30. Ocean of Air 

31. Water Cycle 

32. Water and What it Does 

FILMSTRIPS 

Filmstrips suggested in the guide : ., « 

Encyclopedia Britannica Films, Inc., 1150 Wilmette A)venue, Wilmette, 111. 

33. The Story of Mountains 

34. The Story of Volcanoes 

35. The Story of Ice and Glaciers 

36. The Story of Underground Waters 

37. The Story of Rivers 

38. Work of Running Waters 

Society of Visual Education, 1345 Diveresy Parkway, Chicago 14, 111. 

39. Sun and Its Planets ' 

40. Stars and Galaxies 

41. Earth’s Satellite — ^The Moon 

42. Why the Seasons 

43. Comets and Meteors 
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Life Filmstrips, Time and Life Building, Rockefeller Plaza, New York 36, 
N.Y. 

Earth is Bom 

Curriculum Filmstrips, Herschel Smith Co., Jackson, Miss. 

44. Air in Action ! 

45. Thunderstorms 

46. The World We Live In 

47. Weather Maps 

Eyegate House, Inc. 146-01 Archer Avenue, Jamaica 35, N.Y. 

48. The World of Inswts 

49. Animals and their Ways 

50. The Fish 

51. Birds and Their Songs 

The Jam Handy Organization, 2821 East Grand Blvd., Detroit 11, 
Michigan. 

52. The Atom and Its Nucleus 

53. Understanding the Atmosphere 

54. Space and Space Travel 

55. The Earth in Space 

56. Simple Machines 

57. Inclined Plane, Wedge Screw 

58. Looking at Sound 

59. Almanac Films, Inc. 

The Earth — ^The Changing Surface 
How Crystals Are Formed 
Rocks and Minerals 
Rocks, Minerals, and Soil i 
Energy and What it Does 
Cells — ^Building Blocks of Life 
Microscopic Life 
Simple Plants and Animals 



OTHER FILM SOURCES 

59. Almanac Films, Inc. 516 Fifth Avenue, New York 36, New York. 

60. American Petroleum Co., Whitney National Bank Building, New Or- 

leans, La. (Obtained on loan) 

61. Associated Educational Materials Co., Inc. Glenwood Avenue at 

Hillsboro St., P. 0. Box 2090. Raleigh, North Carolina. 

62. Department of Commerce, U. S. Coast and Geodetic Survey, Wash- 

ington 25, D. C. (Obtained on loan) 

63. Educational Audio-Visual Branch. Code AFEE-3. NASA Headquar- 

ters. Washington 25, D. C. (Obtained on loan) 

64. Educators Progress Service, Randolph, Wisconsin, for Educators 

Guide for Free Science Materials. (Obtained on loan) 

65. Metropolitan Life Insurance Co., School Service Dept., 1 Madison 

Avenue, New York 16, N. Y. (Obtained on loan) ^ 

66. Mississippi State Health Department, Jackson, Mississippi. (Obtain- 

} ed on loan) . . ^ . 

67. Mississippi State Game and Fish Commission, Jackson, Mississippi. 

(Obtained on loan) , 

68. National Aeronautics and Space Administration, Office of Educ^ion- 

al Programs and Services, Code AFEE, Washington 25, D. C. 
(Obtained on loan) . / 

69. National Educational Television Film Service, Indiana University, 

Bloomington, Indiana. -vt v 

70. National Teaching Aids, Inc., 386 Park Avenue So., N. Y. 16, N. Y. 



— 333 — 



71. State Department of Education, Jackson, Mississippi. Contact Super- 

visor of Audio-Visual Education. Films “Visual Perception,” 
“The World ’of Dr. Vishniac,” “Mathematics and the River,” 
“Project Mohole,” “Benjamin Franklin — ^First American Scien- 
tist.” (Obtained on loan) 

72. U. S. Government Films : ^ , 

U. S. Department of Health, Education, and Welfpe, Albraham 
A. Ribicoff, Secretary, Washington, D. C. (Obtained on loan) 

73. United States Steel Film Distribution Centers: 

Birmingham Film Distribution Center, Tennessee Coal and 
Iron Division, General Offices, Fairfield, Alabama. (Obtained 
on loan) 

74. Association Films, Inc. 1108 Jackson Street, Dallas 2, Texas. (Ob- 

tained on loan) 

75. The National Foundation, 800 Second Avenue, New York 17, N. Y. 



(Obtained on loan) 

(Films available on loan) 

ADDITIONAL FILM AND FILMSTRIP SOURCES 

76. Audio-Visual Branch, Office of Public Information, U. S. Atomic 

Energy Commission, Washington 25, D. C. (Obtained on l^n) 

77. Mississippi Agricultural E:^ension Service. State College, Mississippi. 

(Obtained on loan) 

78. The Conservative Foundation. O’Hare Books, 719 Broadway. New 

York, N. Y. 10003 (Films and filmstrips) 

79. Churchill Films. 662 North Robertson Boulevard. Los Angeles, Cali- 



fornia 90069. . 

80. Robert Disraeli Films. Chemistry Laboratory Techniques. P. 0. Box 

343, Cooper Station, New York 3, N. Y. 

81. The Ealing Corporation. 2225 Massachusetts Avenue. Cambridge, 

Massachusetts. 02140. Catalog Ealing Film-loops. For 8 mm 
film-loops. ^ . 

82. Film Strip of-the-Month Clubs. 355 Lexington Avenue. New York, 

N. Y. 100!7. 

83. Film Associates of California. 11014 Santa Monica Boulevard. Los 

Ahgeles, California 90025. ' 

84. Space and Earth Science Films. 11559 Santa Monica Boulevard. Los 

Angeles, Cal. 90025. . 

85. Sutherland Educational Films, Inc. 201 North Occidental Boulevard. 

Los Angeles 26, California. (Films) , ’ 

86. Instructional Films. United World Films, Inc. The Living Science 

Series. 1445 Park Avenue. New Ybrk 29, N. Y. 

87. Ward’s Bulletin. Ward’s Filmstrip Series for Weather and Climate. 

P. 0. Box 1712. Rochester, New York. 14603. 

88. American Forest Products Industries, Inc. 1816 N. Street, N. W., 

Washington, D. C. 20036 (Also booklets available) 

89. Dateline: Science-Visual Education Service, Randolph, Wisconsin. 



PREPARED TRANSPARENCIFL OR MAiSTER BOOKS OF 

TRANSPARENCIES 



Jasper Ewing and Sons, Inc. 

123 Pearl Street 
Jackson, Mississippi 
Mississippi School Supply Company 
116 East South Street 

Jackson, Mississippi ^ . 

McGraw-Hill Text Films 

(from their bulletin, Space Age Science Projecto-Aid Transparencies) 
330 West 42nd St., New York 36, New York 
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Visual Products Co. — 3M 
Jackson, Miss. ^ 
Herschel Smith Co. 
Jackson, Miss. 

Martin School Eqpt. Co. 
Jackson, Miss. 



PERIODICALS 



American Biology Teacher 
Interstate Press 
19 North Jackson St. 

Danville, 111. 

$3.76/year 
Audubon Magazine 

National Audubon Society 
1130 Fifth AVe. 

New York, N. Y. 10028 

Bimonthly, Individual subscription, $7.00 

Current Science 

American Education Publications 
Columbus, Ohio 4S216 
Weekly during school year, 16 issues per 
semester each (10 or more subscriptions) 
Weekly science periodical for general 
science classes 7, 8, 9 

Current Sdence and Aviation 

American Education Press 
Columbus 16, Ohio < 

Weekly during school year, $1.40 

Geo Times 

American Geological Institute 
1440 N Street, N. W. 

Washington, D. C. 

Eight issues per year, membership 
non member $2.00 

Natural History Magazine 

American Museum of Natural History 
79 St. and Central Park West 
New York 24, N. Y. 

$6.00/year 

Newsletter 

Earth Science Curriculum Project 
P. 0. Box 1559 
Boulder, Colorado 
Quarterly, Free 

Popular Mechanics 

Hawthorn Book, Inc. (orders) 

Englewood Cliffs, New Jersey 97632 
70 6th Ave. 

New York, N. Y. lOOll 

Popular Science 

Popular Science Pub. Co., Inc. 

365 Lexington Ave. 

New York, N. Y. 10017 

School Science and Mathematics 

Box 408 
Oak Park, 111. ^ 

$4.60/year 
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Science Digest 

Stlenco Digest, Inc. 

200 E. Ontario St. 

Chicago, 111. 

Science News Letter 
Science Service 
1719 N St., N. W. 

Washington 6, D. C. 

$5.50/year 

Science Teacher 

National Science Teachers Association 
1201 16 St., N. W. 

Washington 6, D. C. 

$6.00/year regular members 
$10.00/year sustaining member 

Scientific American 
415 Madison Ave. 

New York 17, N. Y. 

$5.00/year 

Sky and TeUscope 

Harvard Observatory 
Cambridge 38, Mass. 

$5.O0/year 

Space Science 

4211 Colie Drive 

Silver Spring, Md. ■ 

Ten issues per year, Sept-June 

Five or more subscriptions to same address 

60 ^ 

Weatherwise 

American Meterological Society 
3 Joy St. 

Boston 8, Mass. 

$4.00/year 
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SUBJECT INDEX TO QUICKIES 



Absorption, 62 
Action and reaction, 32 
Air pressure, 42, 67, 69, 8 
Ammonia fountain, 27 
Atomic structure, 34 
Atomic reaction, 63 
“Barking Dogs”, 7 
Bernoulli’s principle, 87, 61, 76 
Black light, 76 
Blister, 26 

Boiling at reduced pressure and low 
temperature, 64 

Boiling 'water* in paper cup, 90 

Burning metals, 77 

Cartesian diver, 47, 49 

Catalyst, 10 

Catalytic action, 43 

Center of gravity, 37, 38, 73, 52 

Chain reaction, ^ 

Chemically treating, 12 
Chromatography, 36 
Cloud chamber, 29 
Colloids, 74 
Color filter, 66 
Colored flame, 77 
Combustion, 7, 38 
induction of heat,. ,64 
Conservation of energy, 40, 28 
Copper plating, 78 
Crystallization, 14 
Crystals, 61, 31 
Density, 47, 70, 67 
Diffusion, 7, 16 
Drunk-o-meter, 72 
Blectric charges, 80, 85 
Electric motor, 46 
Electroscope, 80 
Enzsrme action, 11 
Evaporation, 7 
Explosion, 7 
Eye fatigue, 89, 194 
Falling up, 42 

Fire extinguisher, foamite, 74 

Fire under water, 34 

Flame analysis, 48 

Flame, cold, 22, 50 

Flame, colored, 13, 48 

Flame, characteristics, 2 

Flame structure, 2 

Flame test. 13 

Flotation, 66 

Fluidity of gas, 53 

Frequency. 7 

Friction, 91, 97 

Games, 66 

Gas generator, 5 

Gas laws, 15 

Gas support, 81 

Glass soluble in water, 26 

Golden crystals, 21 

Heat of ignition, 90 

Heat conduction, 82 

Hea t intensity, 2 

Heat of reaction, 9, 58, 1 

Hot houiie effect, 94 

Hydrogen ion concentration, 3 

Ima'Te, 30 



Incomplete conbustion, 7 
Indicators, 35 
Inductive reasoning, 33 
Iner'ia, 86, 97 
Ion activity, 10 
Ion color, 13, 77 
Ions, effect, 29 
Ionization, 10, 24, 79, 85 
Kindling temperature, 1, 9 
Lather, 18 
Learning, 82 
Lever arm, 39 
Light, 30, 72, 88, 89 
Magnetism, 46 
“mercury heart”, 24 
Metal powder, 77 
Minemonics, 83. 84 
Molecular activity, 10 
Molecular space, 4 
Molecules, 4 
Moth balls, 70 
Oil purification, 23 
Ores, 56 

Oxidation, 1, 7, 19, 45 
Patriotic colors, 20 
Pendulum, 28, 40 
Persistence of vision, 30 
ph; 3 

Physical change, 7 

Porosity of wood, 47 

Precipitation, 29 

Protein composition, 69 

Puzzle building, 66 

Reflection, 71 

Refraction of light, 41 

Replacement, 31, 61, 78 

Revolution, 44 

Rotary motion, 38 

Rotation, 44 

Scorch pattern, 2 

Seeing through book, 88 

Silver tree, 61 

Sky hook, 52 

Smoking cigarette, 68 

Solubility, 7 

Solubility of gas, 27 

Space between molecules, 4 

Spontaneous combustion, 1, 9, 60 

Spontaneous ignition, 1, 7 

Stability, 73 

Static electricity, 92 93 

Suction, 8 

Supersaturated solution, 14 
Surface tension, 95, 96 
Swelling, 26 

Temperature of flame, 2 
Torque, 39 

Transfer of learning, 16 
Tubeless televisivu. 30 
Ultra-violet ligftt, 76 
Valence, 6 
Vision, 30, 88, 89 
Volcanic action, 17 
Water, chemical reaction, 10 
Wave length, 7 
Wave motion, 55 
Wheelless vehicle, 81 



